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1
ORGANIC ELECTROLUMINESCENCE DEVICE

TECHNICAL FIELD

The present invention relates to an organic electrolu-
minescence device (hereinafter referred to as an organic
EL device). More particularly, it relates to an organic
EL device sufficiently high in brightness and lumines-
cence efficiency, capable of emitting EL in the color
range from blue to green, comprising an emitting layer 10
or a hole injection layer made of a polycarbonate excel-
lent in an ability to retain a thin film.

BACKGROUND ART

In recent years, Friend, R. H,, et al. have disclosed an
organic EL device having a emitting layer comprising a
polyphenylene vinylene (PPV) as a emitting material
(International Disclosure WO090/13148). This organic
EL device is meant to take the electroluminescence
effect by the injection of carriers (holes and electrons)
from appropriate injecting electrodes into the conju-
gated polymer. The inventors have enumerated the
characteristic features of the organic EL device as fol-
lows: (1) 1t is stable to oxygen and moisture, unsuscepti-
ble to changes even at high temperatures, (2) the emit-
ting layer is adhesive with respect to an underlying
electrode and the like, having resistance to cracks of
thermal or mechanical origin, (3) the PPV is not liable
to recrystallize and (4) the PPV is highly crystallizable
and has a high melting point, preventing the migration 30
of ions or atoms.

However, this organic EL device comprises a PPV as
a completely conjugated polymer hardly capable of
emitting in blue and having a low fluorescence yield.
Friend, R. H,, et al. has made clear that the above short- 35
coming is explained by the low fluorescence yield of the
PPV (J. Phys. D20, 1367 (1987) and J. Mol. Electronics;

5, 19, (1989)). Said PPV has the fluorescence yield of -

- 1% or less. The electroluminescence efficiency (herein-
after referred to as EL efficiency) is lower than the 40
fluorescence yield, and sufficiently high brightness can-
not be obtained since the fluorescence vield is as low as
1% or less. Furthermore, thin films of PPV can be
formed simply by spin-coating a soluble precursor, and
heat-treating the above precursor film. But the optimum 45
conditions of this heat treatment are not an easy matter
to determine, and are liable to permit the conjugation of
the main chain to have defects causing a decrease of EL
efficiency. Thus it is difficult or entirely impossible to
use a thin film of a conjugated polymer such as poly-
phenylene vinylene as the emitting layer in an organic
EL device.

Furthermore, D. Braun et al. have disclosed a device
having a emitting layer comprising a thin film which is
composed of spin coated soluble PPV derivative with a 55
long chain alkoxy substituent group (Appl. Phys. Lett.
58, 1982 (1991)). This PPV derivative also has a low
fluorescence yield (quantum yield) and thus the EL
quantum yield is as low as 5X 10—41if an in cathode is
used and 10—2if a Ca cathode is used. The color of the
EL due to this PPV derivative is limited to orange.

Furthermore, Hosokawa et al. have disclosed an or-
ganic EL device having a emitting layer comprising a
low molecular weight molecule with an arylene vinyl-
ene structure (EP No0.0373582 and EP No. 0388768,
etc.). This organic EL device is capable of emitting EL
in greenish blue at a brightness as high as 300 cd/m2and
having a luminescence efficiency of 2.9 lumen/W even
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with the application of a meager 5V. They also have
invented emitting layers made of substances having the
similar structures which are capable of not only emit-
ting EL in blue at a high brightness over 1000 cd/m2but
also emitting EL in a variety of colors range from bluish
purple to green in sufficiently high brightness and effi-
ciency.

These emitting layers are formed by the vapor depo-
sition method. However, the vapor deposition method
is more time consuming and less-productive than the
spin coating method. Meanwhile, the vapor deposition
films of an organic low molecular weight substance are
liable to recrystallize on account of changes with the
elapse of time or heat generation incidental to the opera-
tions. The recrystallized films no longer work as a emit-
ting layer or as a hole injecting layer. The ability to
retain thin films 1s missing in products of the vapor
deposition method.

Under the circumstances, the present inventors have
made extensive studies with a view to overcoming these
shortcomings of the prior arts and developing an or-
ganic EL device comprising a emitting layer of a thin
film easy to be formed by the spin coating method and
capable of emitting EL in the color range from blue to
green in sufficiently high brightness even on an applica-
tion of a low applied voltage.

DISCLOSURE OF INVENTION

~ As the result, it has been found that said objects can
be achieved to a full extent by using a polycarbonate
polymer comprising a styrylamine or diarylvinylene
arylene skeleton as the repeating unit and having a far
better ability to retain thin films than organic low mo-
lecular weight substances. The new device has much
improved luminescence efficiency as compared with
the devices comprising the conjugated polymers such as
PPV of the related arts. The present invention has been
completed on the basis of this finding.

Accordingly, the present invention provides an or-
ganic electroluminescence device comprising as an
emitting material and/or a hole injecting material a
polycarbonate containing a repeating unit formed of a
styrylamine skeleton or a diarylvinylene arylene skele-
ton capable of the electroluminescence. Particularly,
the present invention provides said organic electrolumi-
nescence device comprising a polycarbonate containing
a repeating unit represented by the general formula (I):

-

» o N, ~ ,f \
*A’rl—rli-:Arz—(IJ=(l3—.1{r3-(-1;I—hr4-)5 M
Ar’ Rl RZ  ArS

wherein Ar!to Ar4are each independently a substituted
or unsubstituted arylene group having 6 to 20 carbon
atoms; Ardand Arbare each independently a substituted
or unsubstituted aryl group having 6 to 20 carbon
atoms; R! and R2 are each independently a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms or a
substituted or unsubstituted aryl group having 6 to 20
carbon atoms wherein the substituent groups are an
alkyl or alkoxy group having 1 to 10 carbon atoms; and
P is an integer of O or 1, furthermore, the present inven-
tion provides said organic electroluminescence device
comprising a polycarbonate containing a repeating unit
(o) represented by the general formula (II):
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€0—Arl=N—Ar—C=C—ArtN—arty0—Cy @D

l | | l I
Ard Rl R2 Ar® ®)

wherein Arl to Ar R1, R? and P are as defined above
and R’ is each independently a substituted or unsubsti-
tuted arylene group having 6 to 20 carbon atoms, and a
repeating unit (8) represented by the general formula

(I1I):

R3 R4 O

wherein R3 and R# are each independently a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms; and
Y is a single bond represented by:

(111)

¥ '.?
--?—, =0~ (oxy), =—S— (thio), —ﬁ-— (sulfonyl),
R O

@ (cyclohexyl), e , €CHaJp

©)

wherein x is an integer of 2 to 10; R> and R6 are each

"‘

"

’ Re \
-f-o—Arl-—N—hrl—c-—-CH-—A:r”-—CH=c—'-Ar3-(-N-—hr4-)30—ca-

“

Ar5

independently a hydrogen atom, an alkyl group having

_S-_,

10
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30

35

Rl R2
Rll
—SOy—, —C-—, ,
I'{lz

1 to 6 carbon atoms or an aryl group having 6 to 10 55

carbon atoms. Furthermore, the present invention pro-
vides said organic electroluminescence device compris-
ing a polycarbonate containing a repeating unit repre-
sented by the general formula (IV):

(1V)

—Arl—rlq——Arz—<':=CH—A:7—CH=<l:—Ar3-(-1|~:-—-A:43;
Ap Rl R2 ArS

wherein R1, R2, P and Ar! to Arf are as defined above;
Ar’is each independently a substituted or unsubstituted
arylene group having 6 to 20 carbon atoms wherein the
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4
substituent groups are an alkyl or alkoxy group having
1 to 10 carbon atoms; a dotted line means an acceptable
single-bond linkage, and said organic electrolumines-
cence device comprising a polycarbonate containing a
repeating unit (y) represented by the general formula
(V): wherein Arl to Ar7, R1, R2 and P are as defined
above; a dotted line means an acceptable single-bond
linkage and a repeating unit (8) represented by the
general formula (II1).

Furthermore, the present invention provides an or-
ganic electroluminescence device comprising as either
or both of a emitting material and a hole injecting mate-
rial a polycarbonate containing a repeating unit A rep-
resented by the general formula (IX):

€0—AP—C=CH—Ar8—CH=C—Arl0—0—Cy (X

I | 1
R7 R8 O

wherein Ar® to Arl0 are each independently a substi-
tuted or unsubstituted arylene group having 6 to 20
carbon atoms represented by:

o3 o

i Y ‘
RS RIO

wherein R% and R10 are each independently any of a
hydrogen atom, a halogen atom, an alkyl group having
1 to 6 carbon atoms or an aryl group having 6 to 12
carbon atoms; Y 1s a single bond represented by:

(V)

.--"'"

ArS O
, CCH2¥y

wherein R1! and R12are each independently a hydrogen
atom, a trifluoromethyl group, an alkyl group having 1
to 6 carbon atoms or an aryl group having 6 to 12 car-
bon atoms; and s is an integer of 2 to 10

\C/
TN
—CH2)

wherein r is an integer of 4 to 10, or
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S
CHy;

wherein s is as defined above and R7 and R® are each s
independently an alkyl group having 1 to 6 carbon
atoms or a substituted or unsubstituted aryl group hav-
ing 6 to 20 carbon atoms, preferably a polycarbonate
having a reduced viscosity of 0.2 di/g as determined in

a solution containing the concentration of 0.5 g/dl of 10
the polycarbonate with a methylene chloride as the
solvent at 20° C. Furthermore, the present invention
provides an organic electroluminescence device com-
prising as either or both of a emitting material and a
hole injecting material a polycarbonate copolymer con-
taining a repeating unit A represented by the general
formula (IX) and a repeating unit B represented by the
general formula (X):

_E@@_"

(RIB)P (R“)q

15

20
- (X)

25

wherein R13and R4 are each independently a hydrogen
atom, a halogen atom, an alkyl group having 1 to 6
carbon atoms or an aryl! group having 6 to 12 carbon
atoms; p and q are each independently an integer of 1 to
4; and X 1s a single bond represented by:

30

R13

| 35
—C—,
R16

@,
o

wherein R15and R1%are each independently a hydrogen
atom, a trifluoromethyl group, an alkyl group having 1 50
to 6 carbon atoms or an aryl group having 6 to 12 car-
bon atoms; and s i1s as defined above:

—S02—,

--.-S-—-,

45

\ 55
C
<N
l\ ,l
“~—CHy)”
60
wherein t is an integer of 4 to 10, or
+CHy;
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wherein u is an integer of 2 to 10, preferably a polycar-
bonate copolymer having a reduced viscosity of 0.2
dl/g as determined in a solution containing the concen-

6

tration of 0.5 g/dl of the polycarbonate with a methy-
lene chloride as the solvent at 20° C.

BRIEF DESCRIPTION OF DRAWING

FIG. 11s a graph showing the results in the measure-
ment of the thickness of a thin film obtained in Example

1.

BEST MODE FOR CARRYING OUT THE
INVENTION

In the present invention, a polycarbonate containing
a styrylamine skeleton or a diarylvinylene arylene skele-
ton having an electroluminescence function is used as
etither or both of a emitting material or a hole injecting
material.

The electroluminescence (EL) function includes the
injection function, the transporting function and the
function of luminescence. For example, a emitting layer

1s made of a thin film which is formed from a compound

by a known process such as spin coating method, cast
method or LB method. This layer shows an electrolu-
minescent effect, due to (1) the injection function
wherein holes can be injected from an anode or a hole
injecting or transporting layer and at the same time
electrons can be injected from a cathode or an electron
Injecting or transporting layer when an electric field is
applied, (2) the transporting function wherein the in-
jected carriers (an electron and a hole) are transported
under the electric field and (3) the function of lumines-
cence wherein a site for the electron to combine with
the hole each other to emit luminescence is provided in
the emitting layer.

In the present invention, the styrylamine skeleton
represented by the general formula (I) is enumerated as
the site having the above electroluminescence function.
A polycarbonate having a styrylamine skeleton (1) to be
used in the present invention is defined as a polymer
formed by connecting the specific styrylamine skeletons
with a divalent group containing a conjugated system-
breaking group represented by:

—0—C—0—
{
0

Thus the conjugation of the styrylamine skeletons is
inhibited from extending, and an organic EL device
comprising the polycarbonate is capable of emitting EL
in color range from blue to green.

Furthermore, the polycarbonate having the specific
styrylamine skeletons to be used in the present invention
is excellent in the electroluminescence function and
further excellent in the thin film properties.

Various styrylamine skeletons can be used in the
present invention, and an preferred example is 2 mono-
valent or divalent group which is formed by removing
hydrogen atoms from a compound containing one aro-
matic tertiary amine in which at least one aromatic ring
of the aromatic tertiary amine is substituted by at least
one arylvinylene group or an arylvinylene arylene vi-
nylene group each having 8 to 22 carbon atoms.

The above aromatic tertiary amine is a compound
contaiming a trivalent nitrogen atom wherein at least
one of 3 carbon atoms substituted with the nitrogen
atom forms a part of a aromatic ring having 4 to 20
carbon atoms.

Furthermore, the arylvinylene group is a monovalent
group wherein a group (vinylene group) containing a
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carbon-carbon double bond represented by the general
formula:

I L

wherein R1 and R? are as defined above is connected
with an aryl group having 6 to 20 carbon atoms. Be-
sides, the arylvinylene arylene vinylene group is a
monovalent group formed by connecting said vinylene
group, an aryl group having 6 to 20 carbon atoms and
an arylene group having 6 to 20 carbon atoms in the
order of the aryl group, the vinylene group, the arylene
group and the vinylene group.

Another preferred example is a divalent group which
1s formed by removing hydrogen atoms from a com-
pound containing two or three of said aromatic tertiary
amine wherein these 2 or 3 aromatic tertiary amines are
connected each other with said vinylene group or a
vinylenearylene vinylene group having 10 to 22 carbon
atoms. -

Preferred among said styrylamine skeletons are those
which connect the divalent group comprising the aro-
matic tertiary amine with the arylenevinylene group
one after another or those which connect the divalent
group comprising the aromatic tertiary amine, the vi-
nylene group and the divalent group comprising the
aromatic tertiary amine one after another. More pre-
ferred styrylamine skeletons are those represented by
said general formulae (I) and (IV).

The polycarbonate (1) of the present invention can
have various structures. Preferred among them are
those having the repeating unit (@) represented by the
general formula (II) and the repeating unit (8) repre-
sented by the general formula (IIT)(polycarbonate A)
and those having the repeating unit (y) represented by
the general formula (V) and the repeating unit (8) rep-
resented by the general formula (IIT)(polycarbonate B).

More preferred are the polycarbonates A and B each 40

having a weight average molecular weight of 4,000 or
Iore.

In the general formulae (I), (A1), IV) and (V), Ar! to
Ar% and Ar’ are each independently a substituted or
unsubstituted arylene group having 6 to 20 carbon
atoms (for example, phenylene group, biphenylene
group, naphthylene group, terphenylene group, an-
thranilene group and the like). As the substituent group,
for example an alkyl group such as methyl group, ethyl
group, isopropyl group and t-butyl group and an alkoxy
group such as methoxy group, ethoxy group, propoxy

HO
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group and butoxy group are enumerated. Ar® and Ar6
are each independently a substituted or unsubstituted
aryl group having 6 to 20 carbon atoms (for example,
phenyl group, biphenyl group, naphthyl group, ter-
phenyl group and the like). As the substituent group, for
example an alkyl group such as methyl group, ethyl
group, isopropyl group and t-butyl group and an alkoxy
group such as methoxy group, ethoxy group, propoxy
group and butoxy group are enumerated.

Furthermore, R! and R? are each independently a
hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, a substituted or unsubstituted aryl group having
having 6 to 20 carbon atoms (for example, phenyl
group, biphenyl group, naphthyl group and the like). As
the substituent group, for example an alkyl group such
as methyl group, ethyl group, isopropyl group and
t-butyl group and an alkoxy group such as methoxy
group, ethoxy group, propoxy group and butoxy group
are enumerated. |

Meanwhile, the polycarbonate (1) to be used in the
present invention includes a polycarbonate having a
styrylamine skeleton as a side chain, besides the poly-
carbonates A and B.

The manufacturing method of this polycarbonates (1)
1s not particularly limited and it can be manufactured
according to various methods applying known pro-
cesses mutatis mutandis. Preferably the polycarbonate
(1) is manufactured by reacting a bisphenol material
having a styrylamine skeleton represented by the gen-

eral formula (VI):

HO—Ar!—N—Ar?—C=C—Ar3-N—Ar*)>0H (IV)

A Rl R? Ar®

wherein Ar! to Ar6, R1, R2 and P are as defined above
or this bisphenol material and a dihydroxy compound
represented by the general formula (VII):

(VID)

HO OH

R3 R4

wherein R3, R4 and Y are as defined above with a car-
bonate-forming compound.

Specific examples of the bisphenol material having
the styrylamine skeleton include:

OH
CH=CH
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~-continued

-continued

45 GHs
Examples of the dihydoxy compound are: H (:3 OH
CH

CH3 7\
H;C CHj;
CH3 .
| CH3
@ -
CH3
C

CHj; CH3 60

Hj



5,389,444

13 14
-continued -continued
HO O OH, HO (CH7)» OH
5
I
HO —CH> OH HO S OH,
10 (I:I) |
CHj;
CH;
H3C

||:::::]I| 20

HsCy
(I'JHg, 25
HO (|3 OH
CH3
CsHs
30
CH3 |
(|32H5
HO C CH,
| 35
C>H
HAC 2H3s

Likewise, the polycarbonate (1) can also be manufac-
tured by reacting a bisphenol material having a styryla-
mine skeleton represented by the general formula

(VIID):

(VIID)

Ho-—Arl-llxr—-Arz-cl:=CH——Ar7—CH=<':—Ar3(-IiJ-A#-);,OH
Ar R! R2 Ar®

wherein Arl to Aré, R1, R2 and P are as defined above
or this bisphenol material and a dihydroxy compound
represented by the general formula (VII) with a carbon-
ate-forming compound. Specific examples of the bisphe-
nol material having this styrylamine skeleton include:

O\ 5 il

= _
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-continued

HO

©

HO
@ )
CH;

CH;

&) -0—~0—0
g

OH

CH;

CH3

CHs

C>Hs

Various carbonate-forming compounds can be used
in this process as far as they are those commonly used to
manufacture polycarbonates. Examples of such carbon-
ate-forming compound include an halogenated car-
bonyl such as phosgene, haloformates such as chloro-
formate compound, a carbonate compound and the like.
Phosgene is particularly preferable among them.

‘The polycarbonate to be used in the present invention
can be manufactured by reacting one member or two
members or more of said bisphenol materials with at
least one member of said carbonate-forming com-
pounds, or by reacting one member or two members oOr
more of said dihydroxy compounds and one member or
two members or more of said bisphenol materials with
at least one member of said carbonate-forming com-
pounds. The ratio (molar ratio) between the repeating

39
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H

CaHs

units (a) and (B) or that of (y) and (B) can be adjusted
as desired by choosing a proper ratio of the amount of
bisphenol materials to the amount of the hydroxy com-
pounds. The polycarbonates (1) should contain the re-
peating units () or (¥) as the essential component but
the repeating unit (3) as the optional component and the
incorporation of the repeating unit (8) into the polycar-
bonate (1) may as well be brought down to nothing. The
reaction conditions are not particularly limited and, for
example when a dihalogenated carbonyl such as phos-
gene or a haloformate such as chloroformate is used as
a carbonate-forming compound, the reaction can be
carried out 1n an appropriate solvent in the presence of
an acid acceptor (for example, water-soluble alkali
metal compound such as alkali metal hydroxide and
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alkali metal carbonate or organic base or the like). Vari-
ous alkali metal hydroxides or alkali metal carbonates
can be used herein, but ordinarily an aqueous sodium
hydroxide solution, an agueous potassium hydroxide
solution or a aqueous sodium carbonate solution are
suitably used for the pecuniary reasons.

The carbonate-forming compounds are used at a ratio
which should appropriately be chosen in consideration
for 1ts stoichiometric ratio. A gaseous carbonate-form-
ing compound such as phosgene can be suitably blown
into the reaction system. Likewise, the acid acceptors
are used at a ratio which should appropriately be
chosen in consideration for its stoichiometric ratio.
Specifically, 2 equivalents of an acid acceptor based on
the total number of moles of the bisphenol materials and
dihydroxy compounds or somewhat greater amount
than that are preferably used.

Various solvents can be used singly or as a mixed
solvent herein, as far as they are those commonly used
to manufacture polycarbonates according to known
methods. Preferred representative examples of the sol-
vent include a hydrocarbon halide such as methylene
chloride, a tetrahydrofuran (THF) and the like.

Furthermore, when this reaction is carried out, a
molecular weight modifier (monophenol and the like),
crosslinking agent (terphenol and the like) or a reaction
accelerator (alkylamine and the like) may be added as
desired to adjust the molecular weight, the molecular
weight distribution or the reaction rate.

The reaction temperature ordinarily is 0° to 150° C.,
preferably 0° to 40° C. The reaction can be carried out
under any of reduced pressure, ordinary pressure or
pressurizing but preferably at ordinary pressure or at a
reaction system’s own pressure. The reaction time ordi-
narily 1s 0.5 minute to 10 hours, preferably 1 minute to
2 hours. The reaction can be carried out according to
any one of the continuous process, the semi-continuous
method or the batch method.

The so obtained polycarbonates (1) comprise the
styrylamine skeletons which are combined one another
with a divalent group capable of breaking the conju-
gated system and as the result the EL at the longer
wavelength region is inhibited to provide the lumines-
cence in the color range from blue to green in suffi-
ciently high brightness. If the blue EL is provided, the
luminescence in various colors such as red, orange,
green, yellow, white or the like can also be provided by
the known methods, for example a dope method by the
use of a fluorescent dye as a dopant into an emitting
layer, a method for changing the color of EL by the use
of a fluorescent film or the like. Moreover, the polycar-
bonates (1) have an advantage that they can be synthe-
sized or easily purified, as compared with polyethers,
polyesters, polyacrylates, polymethacrylates or conju-
gated polymers. The polycarbonates (1) in the form of a
solution are amenable to known film coating methods
such as spin coating method, dip coating method, cast
method or LB method, capable of forming an ultra thin
film at a thickness range from 10 to 200 nm. This uiltra
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thin film is free from pinholes and involves nc risks of 60

electrical shortcircuits. Furthermore, the polycarbon-
ates (1) are easily soluble in said solvents, and even a
solution containing 0.01 to 10% by weight of a polycar-
bonate (1) can be prepared as the preferred material for
film making.

Preferably, the polycarbonate (1) films are prepared
by the known spin coating method. It is a very easy film
making method, capable of providing uniform, pinho-

65
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lelss thin films. The film making solutions are prepared
preferably with the low boiling point solvents such as
benzene, toluene, dichloromethane, chloroform, tetra-
hydrofuran (THF) or the like. Those solutions contain
the polycarbonates (1) preferably at a concentration of
0.5 to 3% by weight. The spin coaters are operated
preferably at 2000 to 10000 rpm. or 5000 to 7000 rpm. if
a film at a thickness of 200 nm or less is preferred. The
foreign materials in a solution may often be blamed for
pinholes after the film is completed and preferably they
should be removed by means of a filter ahead of time.

The diarylvinylene arylene skeleton represented by
the general formula (IX) is also enumerated as the site
having the EL function in the present invention. The
polycarbonate (2) to be used in the present invention is
defined as a polymer formed by connecting the specific
diarylvinylene arylene skeletons with a divalent group
containing a conjugated system-breaking group repre-

sented by:

—0—C—0—
|
0

Thus, the polycarbonate having the specific diarylvi-
nylene arylene skeleton to be used in the present inven-
tion has an excellent EL function and further is excel-
lent 1n the thin film properties, and an EL device com-
prising the molecule is capable of emitting EL in blue in
sufficiently high brightness. If the blue EL is provided,
the EL in various colors such as red, orange, green,
yellow, white or the like can also be provided by the
known methods, for example a dope method by the use
of a fluorescent dye as a dopant into an emitting layer,
a method for changing the color of EL by the use of a
fluorescent film or the like.

Said specific diarylvinylene arylene skeleton is in-
cluded in the repeating unit A represented by the gen-
eral formula (IX).

The polycarbonate (2) having various structures can
be used in the present invention. Preferred among them
are those which comprise only the repeating unit A or
those which comprise the repeating units A and the
repeating unit B represented by the general formula (X).

In said general formula (IX), Ar8 to Ari0 are each
independently a substituted or unsubstituted arylene
group having 6 to 20 carbon atoms (for example, a
phenylene group, a biphenylene group, a naphthylene
group, a terphenylene group and the like). Examples of
the substituent group are an alkyl group such as methyl
group, ethyl group, isopropyl group and t-butyl group,
an alkoxy group such as methoxy group, ethoxy group,
propoxy group and butoxy group and a cyano group.
Furthermore, R7and R8are each independently an alkyl
group having 1 to 6 carbon atoms or a substituted or
unsubstituted aryl group having 6 to 20 carbon atoms
(for example, a phenyl group, a biphenyl group, a naph-
thyl group and the like). Examples of the substituent
group are an alkyl group such as methyl group, ethyl
group, isopropyl group and t-butyl group, an alkoxy
group such as methoxy group, ethoxy group, propoxy
group and butoxy group and a cyano group. R?and R10
are each independently a hydrogen atom, a halogen
atom (I, Cl, Br, F and the like), an alkyl group having 1
to 6 carbon atoms and a substituted or unsubstituted
aryl group having 6 to 20 carbon atoms (for example, a
phenyl group, a biphenyl group, a naphthyl group and
the like). Examples of the substituent group are an alkyl
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group such as methyl group, ethyl group, isopropyl
group and t-butyl group and an alkoxy group such as
methoxy group, ethoxy group, propoxy group and but-
oxy group. R11and R12are each independently a hydro-
gen atom, a trifluoromethyl group, an alkyl group hav-
ing 1 to 6 carbon atoms and a substituted or unsubsti-
tuted aryl group having 6 to 12 carbon atoms (for exam-
ple, a phenyl group, a biphenyl group and the like).
Examples of the substituent group are an alkyl group
such as methyl group, ethyl group, isopropyl group and
t-butyl group and an alkoxy group such as methoxy
group, ethoxy group, propoxy group and butoxy group.

Furthermore, r is an integer of 4 to 10, preferably 5 to
7. s 1s an integer of 2 to 10, preferably 2 to 6.

In said general formula (X), R13 and R!4 are each
independently a hydrogen atom, a halogen atom (I, Cl,
Br, F and the like), an alkyl group having 1 to 6 carbon
atoms and a substituted or unsubstituted aryl group
having 6 to 12 carbon atoms (for example, a phenyl
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group, a biphenyl group and the like). Example of the 20

substituent group are an alkyl group such as methyl
group, ethyl group, isopropyl group and t-butyl group
and an alkoxy group such as methoxy group, ethoxy
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group, propoxy group and butoxy group. R15 and R16
are each independently a hydrogen atom, a trifluoro-
methyl group, an alkyl! group having 1 to 6 carbon
atoms and a substituted or unsubstituted aryl group
having 6 to 12 carbon atoms (for example, a phenyl
group, a biphenyl group and the like). Examples of the
substituent group are an alkyl group such as methyl
group, ethyl group, isopropyl group and t-butyl group
and an alkoxy group such as methoxy group, ethoxy
group, propoxy group and butoxy group.

Furthermore, t is an integer of 4 to 10, preferably 5 to
7. u 1s an integer of 2 to 10, preferably 2 to 6.

This repeating unit A is made of a dihydroxy com-
pound represented by the following general formula

(XI):

HO—Ar—C=CH—ArS—CH=C—Arl0—0H (XI)

L f

wherein Ard to Arl0, R7 and R?® are as defined above.
Various dihydroxy compounds can be used in the pres-
ent invention and their specific examples are:

OH

CHj;

CH=C @ OH
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-continued

@ C_CH crmc
S

OCH;

CN

CH3 CH3

H3CO

OCyHs

Moreover, the repeating unit B is made of a dihy-
droxy compound represented by the following general

formula (XII):

-o-Q-

RY), R%)q

wherein R13, R14, p and q are as defined above. A vari-
ety of this dihydroxy compound can be used in the
present immvention and their specific examples are: bis
(4-hydroxyphenyl) methane; 1, 1-bis (4-hydroxyphenyl)
ethane; 1, 2-bis (4-hydroxyphenyl) ethane; 2, 2-bis (4-
hydroxyphenyl) propane; 2, 2-bis (3-methyl-4-hydrox-
yphenyl) butane; 2, 2-bis (4-hydroxyphenyl) butane; 2,
2-bis (4-hydroxyphenyl) octane; 4, 4-bis(4-hydroxyphe-

OC,2Hs

(XID) 55

nyl) heptane; 4, 4'-dihydroxytetraphenylmethane; 1-
phenyl-1, 1-bis (4-hydroxyphenyl) ethane; 1, 1-bis(4-
hydroxyphenyl)-1-phenyimethane; bis (4-hydroxyphe-
nyl) ether; bis (4-hydroxyphenyl) sulfide; bis (4-hydrox-
yphenyl) sulfone; 1,1-bis (4-hydroxyphenyl) cyclopen-
tane; 1, 1-bis (4-hydroxyphenyl) cyclohexane; 2, 2-bis
(3-methyl-4-hydroxyphenyl) propane; 2-(3-methyl-4-
hydroxyphenyl)-2-(4-hydroxyphenyl)-1-phenylethane;

bis (3-methyl-4-hydroxyphenyl) sulfide; bis (3-methyl-4-
hydroxyphenyl)-sulfone; bis (3-methyl-4-hydroxyphe-
nyl) methane; 1, 1-bis (3-methyl-4-hydroxyphenyl) cy-
clohexane; 4, 4’-dihydroxyphenyl; 2, 2-bis (2-methyl-4-
hydroxyphenyl) propane; 1, 1-bis (2-butyl-4-hydroxy-5-
methylphenyl) butane; 1, 1-bis(2-tert-butyl-4-hydroxy-
3-methylphenyl) ethane; 1, 1-bis (2-tert-butyl-4-
hydroxy-5-methylphenyl) propane; 1, 1-bis (2-tert-
butyl-4-hydroxy-5-methylphenyl) butane; 1, 1-bis (2-
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tert-butyl-4-hydroxy-5-methylphenyl) isobutane;
1-bis (2-tert-butyl-4-hydroxy-5-methylphenyl) heptane;
1, Il.bis (2-tert-butyl-4-hydroxy-5-methyiphenyl)-1-
phenylmethane; 1, 1-bis (2-tert-amyl-4-hydroxy-5-
methylphenyl) butane; bis (3-chloro-4-hydroxyphenyl)
methane; bis (3, 5-dibromo-4-hydroxyphenyl) methane;
2, 2-bis (3-chloro-4-hydroxyphenyl) propane; 2, 2-bis
(3-fluoro-4-hydroxyphenyl) propane; 2, 2-bis (3-bromo-
4-hydroxyphenyl) propane; 2, 2-bis (3, 5-difluoro-4-
hydroxyphenyl) propane; 2, 2-bis (3, 5-dichloro-4-
hydroxyphenyl) propane; 2, 2-bis (3, 5-dibromo-4-
hydroxyphenyl) propane; 2, 2-bis (3-bromo-4-hydroxy-
>-chlorophenyl) propane; 2, 2-bis (3, 5-dichloro-4-
hydroxyphenyl) butane; 2, 2-bis (3, 5-dibromo-4-
hydroxyphenyl) butane; 1l-phenyl-1, 1-bis (3-fluoro-4-
hydroxyphenyl) ethane; bis (3-fluoro-4-hydroxyphenyl)
ether; 4, 4'-dihydroxybiphenyl; 3, 3'-difluoro-4, 4’-dihy-
droxybiphenyl; 1, 1-bis (3-cyclohexyl-4-hydroxyphe-
nyl) cyclohexane; 2, 2-bis (4-hydroxyphenyl) hexa-
fluoropropane; 2, 2-bis (3-phenyl-4-hydroxyphenyl)
propane; 1, 1-bis (3-phenyl-4-hydroxyphenyl) cyclohex-
ane; bis (3-phenyl-4-hydroxyphenyl) sulfone; 1, 1-bis
(4hydroxyphenyl)- 1, 1-diphenylmethane. Preferred
among them are 2, 2-bis(4-hydroxyphenyl) propane; 4,
4'-dihydroxytetraphenylmethane; 1-phenyl-1, 1-bis (4-
hydroxyphenyl) ethane; bis (4-hydroxyphenyl) sulfone;
1, 1-bis (4-hydroxyphenyl) cyclohexane; 2, 2-bis (3-
methyl-4-hydroxyphenyl) propane; 4, 4'-dihydrox-
ybiphenyl; and 2, 2-bis (3-phenyl-4-hydroxyphenyl)
propane. |

‘The so obtained polycarbonate (2) has a reduced
viscosity (7 sp/c) of 0.2 dl/g or more (solvent: methy-
lene chloride, concentration: 0.5 g/dl, 20° C.), prefera-
bly 0.2 to 2.5 dl/g. If it is less than 0.2, the mechanical
strength is msufficiently low.

The polycarbonates (2) to be used in the present in-
vention are not particularly limited relative to their
manufacturing method and can be manufactured ac-
cording to various methods developed by applying
known processes mutatis mutandis. A preferred method
1s to react a dihydroxy compound having the diarylvi-
nylene arylene skeletons represented by said general
formula (XI) or this dihydroxy compound and a dihy-
droxy compound represented by said general formula
(XII) with a carbonate-forming compound.

In this manufacturing method, various carbonate-
forming compounds can be used as far as they are those
commonly used to manufacture ordinary types of poly-
carbonates. Their examples are a dihalogenated car-
bonyl such as phosgene, haloformates such as chloro-
formate compound, a carbonate compound and the like.
Preferred among them is the phosgene.

The polycarbonate (2) to be used in the present inven-
tion can be manufactured by reacting, for example one
member or two members or more of the dihydroxy
compounds represented by said general formula (XI)
with at least one member of said carbonate-forming
compounds or reacting one member or two members or
more of the dihydroxy compounds represented by said
general formula (XI) and one member or two members
or more of the dihydroxy compound represented by
said general formula (XII) with at least one member of
said carbonate-forming compounds. As used herein, the
ratio (molar ratio) between the repeating units A and B
can be adjusted as desired by choosing a proper ratio of
the amount of the dihydroxy compound represented by
the general formula (XI) to the amount of the dihy-
droxy compound represented by the general formula
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(XII). The polycarbonate (2) to be used in the present
invention contains the repeating unit A having the dia-
rylvinylene arylene skeleton as the essential component,
ordinarily at a content of 1 to 100 mole %, preferably 10
to 80 mole %.

The reaction conditions are not particularly limited.
For example, when a dihalogenated carbonyl such as
phosgene or a haloformate such as chloroformate is
used as the carbonate-forming compound, the reaction
can be carried out in an appropriate solvent in the pres-
ence of an acid acceptor (for example, a water-soluble
alkali metal compound such as alkali metal hydroxide
and alkali metal carbonate, an organic base and the like).
Various alkali metal hydroxides or alkali metal carbon-
ates can be used herein but ordinarily an aqueous so-
dium hydroxide solution, an aqueous potassium hydrox-
ide solution, an aqueous sodium carbonate solution, an
aqueous potassium carbonate solution and the like are
suitably used for the pecuniary reasons.

Furthermore, said carbonate-forming compounds are
used at a ratio optionally chosen in consideration for the
storchiometric ratio of the reaction. When a gaseous
carbonate-forming compound such as phosgene is used,
it can be suitably blown into the reaction system. Like-
wise, said acid acceptor is used at a ratio optionally
chosen 1n consideration for the stoichiometric ratio of
the reaction. Specifically, two equivalents of said acid
acceptor based on the total number of moles of the
dihydroxy compounds represented by the general for-
mulae (XI) and (XII) or a somewhat greater amount
than that are preferably used.

Furthermore, various solvents as commonly used to
make known polycarbonates can be used singly or in the
form of a mixed solvent. Their preferred representative
examples are a hydrocarbon halide such as methylene
chloride, a tetrahydrofuran (THF) and the like.

To this reaction system, a molecular weight modifier
(monophenol and the like), crosslinking agent(ter-
phenol and the like) or a reaction accelerator (alkyla-
mine and the like) can be added to adjust the molecular
weight, the molecular weight distribution or the rate of
reaction.

The reaction temperatures are ordinarily 0° to 150°
C., preferably 0° to 40° C. The reaction can be carried
out under any of reduced pressure, atmospheric pres-
sure or pressurizing but ordinarily at atmospheric pres-
sure or the reaction system’s own pressure or the other
one close to it. The reaction time is ordinarily 0.5 min-
utes to 10 hours, preferably 1 minute to 2 hours. The
reaction can be carried out according to any of the
continuous process, the semi-continuous process or the
batch method.

The polycarbonates (1) or (2) as described above are
a polymer combining the styrylamine or diarylvinylene
arylene skeleton each having the EL function with the
dihydroxy compound. The thin films made from these
polycarbonates are excellent in the EL function and
further have much improved film properties and ther-
mostability, unsusceptible to the breakage on account of
the crystallization and the like and hardly liable to
change with the elapse of time. Furthermore, practi-
cally no foreign substances are incorporated into these
polycarbonates during the polymerization processes
and they are easy to purity, as compared with other
polymers, for example polyether, polyester, polyacryi-
ate, polymethacrylate or conjugated polymer. The
polycarbonates of the present invention are very suit-
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able for the fields of use wherein organic substances of

a high purity are required.
The polycarbonates having such an ability to retain a
thin film can be used as either or both of the emitting

layer and hole injection layer in the organic EL devices. -

In the organic EL devices, when a polycarbonate is
used as the hole injection layer, the polycarbonate layer
does not provide the electroluminescence. On the other
hand, when it is used as the emitting layer, the electrolu-
minescence is obtained from the polycarbonate layer.
This is explained, as follows: an electron injecting layer
is composed of a compound having the hole barrier
properties which do not permit the passage of holes
forwarded from the side of an anode. This electron
injecting layer is situated between a polycarbonate layer
and a cathode, the holes are accumulated in the emitting
layer comprising said polycarbonate layer. The so accu-
mulated holes are combined with the electrons fed from
the electron injecting layer to provide the electrolumi-
nescence. On the other hand, in a laminate of said poly-
carbonate with a fluorescent, electron transferring com-
pound having no hole barrier properties, said polycar-
bonate is the hole injecting layer and said laminated
compound is the emitting layer. Thus, the polycarbon-
ates of the present invention can optionally be used
either as the emitting layer or as the hole injecting layer.
In other words, they can be either an emitting material
having the electroluminescence function or a hole in-
Jecting material (hole transferring compound).
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An electron transferring compound represented by
the general formulae (XIII) or (XIV):

- (XD

N
|

AIIS

N
J_ Arlé
O

N

N N N
Ar”—"\ /“_ ArlB_"\ /”_ Arl9
O O

wherein Arl>to Ar!7 and Ar!9 are each independently a
substituted or unsubstituted aryl group and Arl8 is a
substituted or unsubstituted arylene group can be pref-
erably used as said electron injection layer having the
hole barrier properties. Examples of the aryl group are
a phenyl group, a naphthyl group, a biphenyl group, an
anthranyl group, a perylenyl group, a pyrenyl group
and the like. Examples of the arylene group are a pheny-
lene group, a naphthylene group, a biphenylene group,
an anthracenylene group, a perylenylene group, a pyre-
nylene group, and the like. Examples of the substituent
group are an alkyl group having 1 to 10 carbon atoms,
an alkoxy group having 1 to 10 carbon atoms, a cyano
group and the like. The compounds represented by
these general formulae (XIII) or (XIV) preferably have
the thin film-forming properties.

Specific examples of the compounds represented by
the general formulae (XIII) or (XIV) are:

(PBD)
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-continued

The EL devices of the present invention are made in
various ways. Basically, however, an EL device has an
emitting layer situated between a pair of electrodes (an
anode and a cathode), optionally interspersing a hole
injection or transporting layer (a hole injecting layer)
and an electron injecting or transporting layer (an elec-
tron injecting layer). The specific examples thereof are
a device comprising (1) an anode, an emitting layer and
a cathode, (2) an anode, a hole injecting or transporting
layer, an emitting layer and a cathode, (3) an anode, a
hole injecting or transporting layer, an emitting layer,
an electron injecting or transporting layer and a cath-
ode and (4) an anode, a luminescence layer, an electron
injecting or transporting layer and a cathode.

The hole injecting or transporting layer or the elec-
tron injecting or transporting layer are not always nec-

15

20

25

essary but the devices having these two are capable of 30

providing much better ELL performance.

Furthermore, it is preferable that all the devices made
in said ways should be supported on substrates. The
substrates are not particularly limited for what they are
made from. Preferable are substrates made of materials
conventionally used in the organic EL devices, for
example glass, transparent plastics, quartz and the like.

The anode for the organic EL device of the present
invention preferably is those made of the electrode
materials having a high work function (4 eV or more),
such as metal, alloy, electrically conductive compound
or theirr mixture. Specific examples of the electrode
material are a metal such as Au and an conductive,
transparent material such as Cu, I, ITO SnO; and ZnO.
Said anodes are made by forming films from these elec-
trode materials by the vapor deposition process, sput-
tering process or the like. Preferably the electrodes

have a transmittance of 10% or more and a resistance of

sheet of several hundred £}/01 at the most in order to

35

45

pick up the EL from these electrodes. The thickness of 50

films depends upon materials but is preferably in a range
of 10 nm to 1 um, more preferably 50 to 150 nm.

On the other hand, the cathodes are made from elec-
trode materials having a low work function (4 eV or
less), such as metal, alloy, electrically conductive com-
pound or their mixture.

Specific examples of the electrode material are a
sodium, a sodium-potassium alloy, 2 magnesium, a lith-
lum, a magnesium-copper mixture, an Al—AlQ,, an
indium, a rare earth metal and the like. The cathodes are
made by forming thin films from these electrode materi-
als according to the vapor deposition process, the sput-
tering process or the like. Preferably, the electrodes
have a resistance of sheet of several hundred Q/0] or

33

less and comprise a film having a thickness in a range of 65

ordinarily 10 nm to 1 pum, preferably 50 to 200 nm.
Although this is not provided for in the present inven-
tion, either an anode or a cathode is preferably transpar-

ent or translucent so that the EL is transmitted and
picked up in high efficiency.

The hole transferring compounds to be used in the
hole injecting or transporting layers are situated be-
tween 2 electrodes applied with the electric field, capa-
ble of transferring the holes to the emitting layer prop-
erly after the holes are injected from the anode. Prefera-
bly they have a hole mobility of, for example at least
10—6 cm?/V-sec. when an electric field of 10414
106V /cm is applied.

These hole transferring compounds are not particu-
larly limited, except that they should have the preferred
property as described above. Any compound can be
used as the hole transferring compound, selected from
the polycarbonates of the present invention, the photo-
conductive materials conventionally used as the hole
transferring material and the known compounds com-
monly used as the hole injecting or transporting layers
of the EL devices.

Examples of the hole transferring material are the
triazole derivatives (U.S. Pat. No. 3,112,197), the oxadi-
azole derivatives (U.S. Pat. No. 3,189,447), the imidaz-
ole derivatives (Japanese Patent Publication No.
16096/1962), the polyarylalkane derivatives (U.S. Pat.
Nos. 3,615,402, 3,820,989 and 3,542,544; Japanese Pa-
tent Publication Nos. 555/1970 and 10983/1976; and
Japanese Patent Application Laid-Open Nos.
93224/1976, 17105/1980, 4148/1981, 108667/1980,
156953/1980 and 36656/1981, etc.), the pyrazoline de-
rivatives and pyrazolone derivatives (U.S. Pat. Nos.
3,180,729 and 4,278,746; and Japanese Patent Applica-
tton Laid-Open Nos. 88064/1980, 88065/1980,
105537/1974, 51086/1980, 80051/1981, 88141/1981,
45545/1982, 112637/1979, 74546/1970, etc.), the
phenylenediamine derivatives (U.S. Pat. No. 3,615,404:
and Japanese Patent Publication Nos. 10105/1976,
3712/1971 and 25336/1972; and Japanese Patent Appli-
cation Laid-Open Nos. 53435/1979, 110536/1979 and
119925/1979, etc.), the arylamine derivatives (U.S. Pat.
Nos. 3,567,450, 3,180,703, 3,240,597, 3,658,520,
4,232,103, 4,175,961 and 4,012,376; Japanese Patent
Publication Nos. 35702/1974 and 27577/1964; Japanese
Patent Application ILaid-Open Nos. 144250/1980,
119132/1981 and 22437/1981; and German Patent No.
1,110,518, etc.), the amino-substituted chalcone deriva-
tives (U.S. Pat. No. 3,526,501, etc.), the oxazole deriva-
tives (U.S. Pat. No. 3,257,203, etc.), the styrylanthra-
cene derivatives (Japanese Patent Application Laid-
Open No. 46234/1981, etc.), the fluorenone derivatives
(Japanese Patent Application Laid-Open No.
110837/1979), the hydrazone derivatives (U.S. Pat. No.
3,717,462; and Japanese Patent Application Laid-Open
Nos. 59143/1979, 52063/1980, 52064/1980, 46760/1980,
85495/1980, 11350/1982 and 148749/1982, etc.) and the
stilbene derivatives (Japanese Patent Application Laid-
Open Nos. 210363/1986, 228451/1986, 14642/1986,
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72255/1986, 47646/1987, 36674/1987, 10652/1987,
30255/1987, 93445/1985, 94462/1985, 174749/1985 and
175052/1985, etc.).

In the present invention these compounds can be used
as the hole transferring compound, but it is preferred to
use the porphyrin compounds as set forth below (Japa-
nese Patent Application Laid-Open No. 2956965/1988,
etc.), the aromatic tertiary amine compounds and the
styrylamine compounds (U.S. Pat. No. 4,127,412; and
Japanese Patent Application Laid-Open Nos.
27033/1978, 58445/1979, 149634/1979, 64299/1979,
79450/1980, 144250/1980, 119132/1981, 295558/1986,
- 98353/1986 and 295659/1988). More preferable among
them are the aromatic tertiary amine compounds.

Representative examples of the porphyrin compound
are porphyrin, 1,10,15,20-tetraphenyl-21H, 23H-por-
phyrin copper (II), 1, 10, 15, 20-tetraphenyl21H, 23H-
porphyrin zinc (II), 5, 10, 15, 20-tetrakis (pentafluoro-
phenyl)-21H, 23H-porphyrin, siliconphthalocyanine
oxide, aluminum phthalocyanine chloride, phthalocya-
nine (nonmetal), dilithium phthalocyanine, copper tet-
ramethylphthalocyanine, copper phthalocyanine,
chrome phthalocyanine, zinc phthalocyanine, lead
phthalocyanine, titanium phthalocyanine oxide, magne-
sium phthalocyanine and copper octamethylph-
thalocyanine.

Representative examples of the aromatic tertiary
amine compound and those of styrylamine compound
are N, N, N’, N'-tetraphenyi-4, 4'-diaminophenyl, N,
N'-diphenyl-N, N’-di(3-methlphenyl)-4, 4'-
diaminobiphenyl, 2, 2-bis(4-di-p-tolylaminophenyl) pro-
pane, 1, 1-bis(4-di-p-tolylaminophenyl)cyclohexane, N,
N, N’, N'-tetra-p-tolyl-4, 4’-diaminophenyl, 1, 1-bis(4-
di-p-tolylaminophenyl)-4-phenylcyclohexane,  bis(4-
dimethylamino-2-methylphenyl)phenylmethane, bis(4-
di-p-tolylaminophenyl) phenylmethane, N, N'-diphe-
nyl-N, N’-di(4-methoxyphenyl)4, 4'-diaminobiphenyl,
N, N, N’, N'-tetraphenyl-4, 4'-diaminodiphenylether, 4,
4'-bis(diphenylamino) quadriphenyl, N, N, N-tri(p-
tolyl) amine, 4-(di-p-tolylamino)-4’-[4(di-p-
tolylamino)styryl} stilbene, 4-N, N-diphenylamino-(2-
diphenylvinyl) benzene, 3-methoxy-4-N, N-di
phenylaminostilbenezene, N-phenylcarbazole and the
like.

The hole injecting or transporting layers in the EL
devices of the present invention may be made of a single
layer comprising one member or two members or more
of these hole transferring compounds or a laminate
combining the above layer with a hole injecting or
transporting layer comprising other compounds.

On the other hand, the electron injecting or trans-
porting layers in an EL device having the structure (3)
as described above comprise an electron transferring
compound, having the function of transporting the in-
jected electrons from the cathode to the Iuminescence
layer. These electron transferring compounds are not
particularly limited. Any compound can be used for
them, selected from among known substances.

Preferred examples of the electron transferring com-
pound are the thiopyran dioxide derivatives represented
by:
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the diphenylquinone derivatives represented by:

NC CN
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(Polymer Preprints, Japan, Vol. 37, No. 3, p. 681 (1988),

etc.), or those compounds represented by:
t-Bu t-Bu
O =0
t-Bu t-Bu

(J. J. Appl. Phys., Vol. 27, 1.269(1988), etc.), the an-
thraquinodimethane derivatives (Japanese Patent Ap-
plication Laid-Open Nos. 149259/1982, 55450/1983,
225151/1986, 233750/1986, 104061/1988, etc.), the
fluorenylidenemethane derivatives (Japanese Patent
Application Laid-Open Nos. 69657/1985, 143764/1986,
148159/1986, etc.), the anthrone derivatives (Japanese
Patent Application Laid-Open Nos. 225151/1986 and
233750/1986, etc.)
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and the oxadiazole derivatives (Appl. Phys. Lett., Vol.
33, p. 1489 (1989)). Most preferred among them are the
compounds having the hole barrier properties for use in
the electron injecting layer, as represented by the gen-
eral formulae (XIII) or (XIV).

Now the preferred processes for preparing organic
EL devices of the present invention will be described
with reference to the device of each structure as set
forth above. An EL device comprising an anode, an
emitting layer and a cathode is prepared as follows: At
first, an anode is prepared by forming a thin film at a
thickness of 1 um or less, preferably in a range from 10
~ to 20 nm on an appropriate substrate. The film is made
from a desired electrode material, for example a sub-
stance for anode by the sputtering method or the like.
Then, an emitting layer is laid on this anode by forming
a thin film from a compound of the emitting material.
The films can be made from said emitting material by
the spin coating process, the cast process, the LB pro-
cess or the vapor deposition method, but the spin coat-
ing process is preferably used to obtain films which are
uniform, without pinholes. After the emitting layer is
formed, a cathode is laid thereon by forming a film at a
thickness of 1 um or less, preferably in a range from 50
to 200 nm from a material for cathode, for example by
the vapor deposition process, the sputtering process or
the like. In this way, the desired organic EL device is
obtained. Meanwhile, it is quite acceptable as well to
make the organic EL device by following the above
steps 1n the reverse order or in the order of the cathode,
the emitting layer and the anode.

Then, an EL device comprising an anode, a hole
injecting or transporting layer, an emitting layer and a
cathode i1s made as follows: at first, the anode is pre-
pared by repeating the procedure of the above EL de-
vice. Then, the hole injecting or transporting layer is
laid on the anode by forming the film from a hole trans-
ferring compound by the spin coating process or the
like. The film forming conditions of the emitting mate-
rial as described above should be applied mutatis mutan-
dis to this step. Thereafter, the emitting layer and the
cathode are laid one by one on the hole injecting or
transporting layer by repeating the procedure of the
above EL device to obtain the desired EL device.
Meanwhile, it is acceptable as well to reverse the order
of steps and proceed in the order of the cathode, the
emitting layer, the hole injecting or transporting layer
and the anode to prepare this EL device.

Furthermore, an EL device comprising an anode, a
hole mjecting or transporting layer, an emitting layer,
an electron injecting or transporting layer and a cath-
ode is prepared as follows: At first, the anode, the hole
injecting or transporting layer and the emitting layer
are laid one after another by repeating the procedures of
the above EL devices. Then, the electron injecting or
transporting layer is spread over this emitting layer by
forming a thin film from an electron transferring com-
pound according to the spin coatlng process or the like,
followed by the cathode prepared in the same way as in

10

15

20

25

30

35

45

50

53

36

having the polarity (—), the voltage of about 1 to 30V
1s apphied, resulting in a finding that the electrolumines-
cence is provided on the side of a transparent or translu-
cent electrode. If the voltage is applied with the elec-
trode polarities arranged in the other way, there is no
passage of the electric current, nor is the EL obtained.
Furthermore, if an AC voltage is applied, there is pro-
vided the EL only when the anode is (4) and the cath-
ode (—). Meanwhile, the AC voltage having any wave-
forms is acceptable to apply.

Next, the present invention will now be described in
detail with reference to the reference examples, the
synthesis examples and the examples.

SYNTHESIS EXAMPLE 1

A 1 hiter flask was charged with a solution dissolving
66.5 g (0.125 mole) of a bisphenol compound having a
styrylamine skeleton represented by the following

structural formula:

Structura] Formula

©\ C==C
0" 5L

and 33.5 g (0.125 mole) of a 1, 1-bis (4-hydroxyphenyl)
cyclohexane in 600 ml of a 3N aqueous sodium hydrox-
ide solution and 250 ml of a methylene chloride. The
reaction solution was vigorously stirred while the tem-
perature of the solution was maintained in the neighbor-
hood of 10° C. with the external cooling and phosgene
was blown thereinto at a rate of 340 ml per minute for
30 minutes.

Thereafter, stirring was continued for 1 hour to com-
plete the polymerization. After the reaction, 500 ml of a
methylene chloride was added to dilute the organic
layer. The diluted organic layer was washed with wa-
ter, duuted hydrochloride acid and water in this order
and the resultant mixture was introduced into a metha-
nol to obtain a polycarbonate.

‘This polycarbonate was found to have a reduced
viscosity [7sp/c] of 0.85 dl/g as determined in a solution
having a concentration of 0.5 g/dl the polycarbonate
with the methylene chloride as a solvent at 20° C. The
mean molecular weight (Mw) of this polycarbonate was
determined by the gel permeation chromatography
(GPC), with the resultant finding of 35000.

The structure and composition of this polymer were
analyzed with the spectrum each of the proton nuclear
magnetic resonance (H-NMR), the infrared absorption
(IR) and the mass spectrometry (MS) and as the result it
was found that the polymer was a polycarbonate co-
polymer comprising the following repeating unit and

the above EL device to obtain the desired EL device. 60 Composition:

Meanwhile, it is quite acceptable to reverse the order
of steps and proceed in the order of the cathode, the
electron injecting or transporting layer, the lumines-
cence layer, the hole injecting or transporting layer and
the anode to prepare this EL device.

Now the so obtained organic EL device of the pres-
ent mnvention is applied with a DC voltage, as follows:
with the anode having the polarity (<) and the cathode

O—C

YN
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-continued

{0
e ? 0.5 ¥
SYNTHESIS EXAMPLE 2

A polycarbonate was obtained by repeating the pro-
cedure of the Synthesis Example 1, except that 75.8 g
(0.2 mol) of a bisphenol compound having a styrylamine
skeleton represented by the following structural for-
mula:

10

15

Structural Formula
H°—©\ -
— N—@— CH= CH—@— OH

pane 1n place of 1, 1-bis(4-hydroxyphenyl) cyclohexane
were used. |

This polycarbonate was found to have a [ns/c] of 25
0.92 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chioride as a solvent at 20° C. The Mw of this
polymer was determined by the GPC, with the resultant
finding of 38000.

The structure and composition of the polymer were
analyzed with the spectrum each of the 1H-NMR, the
IR and the MS, resulting in a finding that the polymer
was a polycarbonate copolymer comprising the follow-
ing repeating unit and composition:

20
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35
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H3C ?H3 CH; 45
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| |
CHj O 0.2
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SYNTHESIS EXAMPLE 3

A polycarbonate was obtained by repeating the pro-
cedure of the Synthesis Example 1, except that 20.4 g
(0.05 mol) of a bisphenol compound having a styryla- 55
mine skeleton represented by the following structural
formula:

Structural Formula

10—ON
OO
o YL

and 70.4 g (0.20 mole) of a 1, 1-bis(4-hydroxyphenyl)-1,
l-diphenylmethane in place of 1, 1-bis(4-hydroxyphe-
nyl) cyclohexane were used.

38

This polycarbonate was found to have a [%s,/c] of
0.78 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as a solvent at 20° C. The Mw of this
polymer was determined by the GPC, with the resultant
finding of 30000.

The structure and composition of the polymer were
analyzed with the spectrum each of the 1H-NMR, the
IR and the MS, resulting in a finding that the polymer
was a polycarbonate copolymer comprising the follow-
ing repeating unit and composition:

0.8

SYNTHESIS EXAMPLE 4

A polycarbonate was obtained by repeating the pro-
cedure of Synthesis Example 1, except that 71.75 g
(0.125 mole) of a bisphenol compound having a styryla-
mine skeleton represented by the following structural
formula:

Structural Formula

o 99 g

and 28.5 g (0.125 mole) of a 2, 2-bis(4-hydroxyphenyl)
propane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex-
ane were used.

This polycarbonate was found to have a [7n5/c] of
0.77 dl/g as determined 1n a solution having a concen-

tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as a solvent at 20° C. The Mw of this
polymer was determined by the GPC, with the resultant
finding of 32000.

The structure and composition of the polymer were
analyzed with the spectrum each of the lH-NMR, the
IR and the MS, resulting in a finding that the polymer
was a polycarbonate copolymer comprising the follow-
ing repeating unit and composition:

e
©

0.5
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SYNTHESIS EXAMPLE 5

A polycarbonate was obtained by repeating the pro-
cedure of the Synthesis Example 1, except that 139.6 g
(0.20 mole) of a bisphenol compound having a styryla-
mine skeleton represented by the following structural
formula:

Structural Formula

S ON
50T T0~
and 13.4 g (0.05 mole) of a 1, 1-bis(4-hydroxyphenyl)
cyclohexane were used. This polycarbonate was found
to have a [75,/c] of 0.61 d1/g as determined in a solution
having a concentration of 0.5 g/dl of the polycarbonate
with the methylene chloride as a solvent at 20° C. The
Mw of this polymer also was determined by the GPC,
with the resultant finding of 25000.
The structure and composition of the polymer were
analyzed with the spectrum each of the 1H-NMR, the
IR and the MS, resulting in a finding that the polymer

was a polycarbonate copolymer comprising the follow-
ing repeating unit and composition:

i ®)
@/

Oon

@O—C
Ao ]
oo ©

050

SYNTHESIS EXAMPLE 6

A polycarbonate was obtained by repeating the pro-
cedure of the Synthesis Example 1, except that 27.3 g
(0.05 mole) of a bisphenol compound having a styryla-
mine skeleton represented by the following structural
formula:

Structural Formuia
o—ON AQ)on
N—@—CH=CH@N

and 70.4 g (0.20 mole) of a 1, 1-bis(4-hydroxyphenyl)-1,
I-diphenylmethane in place of 1, 1-bis(4-hydroxyphe-
nyl) cyclohexane were used. This polycarbonate was
found to have a [ns/c] of 0.57 dl/g as determined in a

0.8

0.2

d

10

15

20

25

30

35

40

435

50

35

60

65

40

solution having a concentration of 0.5 g/dl of the poly-
carbonate with the methylene chloride as a solvent at
20° C. The Mw of this polymer was determined by the
GPC, with the resultant finding of 24000.

The structure and composition of the polymer were
analyzed with the spectrum each of the 1TH-NMR, the
IR and the MS, resulting in a finding that the polymer
was a polycarbonate copolymer comprising the follow-
ing repeating unit and composition:

0\ o g-(0
o &0 0

0.2

[N
{‘)‘%@

I
O
0.8

SYNTHESIS EXAMPLE 7

A polycarbonate was obtained by repeating the pro-
cedure of the Synthesis Example 1, except that 109.2 g
(0.20 mole) of a bisphenol compound having a styryla-
mine skeleton represented by the following structural
formula:

Structural Formula
N oo
N—@— CH= CI-I—@—N

and 12.8 g (0.05 mole) of a 2, 2-bis(3-methyl-4-hydrox-
yphenyl) propane in place of 1, 1-bis(4-hydroxyphenyl)
cyclohexane were used.

This polycarbonate was found to have a [ns/c] of
0.68 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as a solvent at 20° C. The Mw of this
polymer was determined by the GPC, with the resultant
finding of 29000.

The the structure and composition of the polymer
were analyzed with the spectrum each of the IH-NMR,
the IR and the MS, resulting in a finding that the poly-
mer was a polycarbonate copolymer comprising the
following repeating unit and composition:

O\ 5O
@,@ @@)

0.23
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-continued

CHj
CH3
—Q-o—c
CH3 0

EXAMPLE 1

A transparent supporting substrate was provided in

the form of 2 25 mm X 75 mm X 1.1 mm glass substrate
over which a film having a thickness of 100 nm was
formed from an ITO by the vapor deposition method
(supplied by HOYA Co., Ltd.). Previously this sub-
strate was ultrasonically cleaned in an isopropyl alco-
hol, dried by blowing nitrogen gas and further washed
in UV ozone (UV300 supplied by Samco International)
for 8 minutes.

An emitting layer was laid on this transparent sup-
porting substrate by coating a 0.9 wt. % solution ob-
tained by dissolving 200 mg of the polycarbonate of
Synthesis Example 7 in 20 g of a dichloromethane by
the 5pin coating method. This spin coating was carried
out in 7000 rpm for 50 seconds, resulting in a film at a
thickness of 600+100A*! (surface profile detector:

DEKTAK 3030, supplied by Sloan Co.).

*1: The film was examined by an optical microscope 6 months later,
with the resultant finding that no recognizable crystallization was
present and the film remained as it should be.

Then, the transparent supporting substrate was set to
the substrate holder of a commercially available vapor
deposition system (supplied by Nihon Vacuum Tech-
nique Co., Ltd.) having 3 resistance heating boats.

PBD (200 mg) as the electron injecting material was
placed in one boat, magnesium (2 g) in another boat and
a silver (200 mg) in still another boat and the vacuum
chamber was depressurized to 2 X 10—3 Pa. Thereafter,
the boat containing PBD was heated to deposit the
PBD at a deposition rate of 0.3 to 0.5 nm/sec. and pro-
vide an electron injecting layer at a thickness of 20 nm
on the transparent supporting substrate. In this process
the substrate was maintained at room temperature.

Thereafter, the boat containing the magnesium and
the boat containing the silver were electrified simulta-
neously to deposit them while keeping the ratio of one
-deposition rate to another deposition rate (magnesium:-
silver) at 1:7 to 1:10. Thus, obtained was an opposed
electrode comprising the magnesium and silver which
were deposited at a thickness of 120 nm (the thickness
of the film was detected by a quartz oscillator sensor).
In this way, the desired organic EL device was com-

pleted.
- Then, the so obtained organic EL device was applied
at a DC voltage of 6V, resulting in the passage of an
electric current of approximately 136 mA/cm? to emit
EL in Purplish Blue as determined by the chromaticity
coodinates. The peak was at 460 nm as determined by
the spectrometry and the brightness was 120 cd/cm?.

In FIG. 1, 1t is shown that there is no polycarbonate
layer in a portion of the curve up to OA of the ordinate
axis. The thickness of the polycarbonate layer is shown
by the magnitude of the rise in the curve close to 220
pm of the abscissa axis. The thickness deviation of 100A
from 600A shows that this ultra thin film has an excel-
lent flatness.
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REFERENCE EXAMPLE 1

A sulfonate represented by the following structural
formula:

Structural Formula

CH; ll?l'(Csz)z

was dissolved in 20 ml of a dimethyl sulfoxide (DMSO)

in an atmosphere of argon gas and 1.0 g of a potassium-
t-butoxide (t-BuOK) was added thereto. Then, a com-
pound represented by the following structural formula:

Structural Formula

0~ o

was added thereto and the resultant mixture was stirred
for 5 hours. 100 ml of a methanol was added to the so
obtained reaction product and a yellowish powder was
precipitated. An iodine-containing benzene solution
was added to recrystallize this powder and 0.8 g of a
yellowish powder was obtained. The obtained yellow-
ish powder was analyzed for its structure and composi-
tion by the proton magnetic resonance (\H-NMR) spec-
trum and it was found that the powder was a styryla-
mine compound represented by:

The procedure of Example 1 was repeated, wherein a
0.9 wt. % solution obtained by dissolving 200 mg of this
compound in 20 g of a dichloromethane was coated on
a transparent supporting substrate according to the spin
coating method. This spin coating was carried out In
7000 rpm for 50 seconds. The thickness of the obtained
film was measured by said DEKTAK 3030, with the
resultant finding that it was 600=+500A and the thin film
had a quite uneven thickness.

- Ordinarily, a thin film cannot be formed from a single
member of an organic low molecular weight compound
having this much unevenness according to the spin
coating method and it is impossible to use such a com-
pound as an emitting layer or as a hole injecting layer.

COMPARATIVE EXAMPLE 1
A styrylamine compound represented by:
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CH?ll?i'(Csz)z
O

10

was synthesized by repeating the procedure of Refer-
ence Example 1, except that a sulfonate represented by
the following structural formula:

15

25
was used.

Furthermore, an organic EL device was prepared by
repeating the procedure of Example 1, except that the
above styrylamine compound was used as the emitting
layer (at a thickness of 50 nm).

This organic EL device had an ITO electrode as the
anode and a mixed metal electrode of magnesium and
silver as the cathode.

When the voltage of 10V was applied, it was found 35
that the EL device was shortcircuited, incapable of
emitting EL.

30

EXAMPLE 2

A polycarbonate was obtained by repeating the pro- 40
cedure of Example 1. Then, a hole injecting layer was
prepared by coating a 0.9 wt. % solution obtained by
dissolving 200 mg of this polycarbonate in 20 g of a
dichloromethane according to the spin coating method. 45
This spin coating was carried out in 7000 rPm for 50
seconds, resulting in a film having a thickness of
600 100A (surface profile detector: DEKTAK 3030).

Then, the transparent supporting substrate was set to 50
the substrate holder of a commercially available vapor
deposition system (supplied by Nihon Vacuum Tech-
nique Co., Ltd.) having 3 resistance heating boats.

Placed in one boat was an aluminum complex (Alq,
200 mg) wherein a 8-hydroxyquinoline was coordinated
at (III). A magnesium (2 g) was placed in another boat
and a silver (200 mg) in still another boat and then the
vacuum chamber was depressurized to 10—3 Pa. There-
after, the boat containing the Alq was heated to 250° to
270° C. to deposit the Alq at a deposition rate of 0.1 to
0.3 nm/sec. and provide an electron transferring emit-
ting layer at a thickness of 50 nm thick film on the trans-
parent supporting substrate. In this process the substrate 65
was maintained at room temperature.

Thereafter, the boat containing magnesium and the
boat containing silver were electrified simultaneously to

35

60

44

deposit them while keeping the ratio of one rate of
deposition to another rate of deposition (magnesium:sil-

~ver) at 1:7 to 1:10. Thus, obtained was an opposed elec-
trode comprising the magnesium and silver which were

deposited at a thickness of 120 nm (detected by a quartz
oscillator sensor). In this way, the desired organic EL
device was completed. .

The so obtained organic EL device had an ITO elec-
trode as the anode and a mixed metal electrode of mag-
nesium and silver as the cathode and was applied with a
DC voltage of 12V, resulting in the passage of an elec-
tric current of approximately 168 mA/cm? to emit EL
in Green as determined by the chromaticity coodinates.
The peak wavelength as determined by the spectrome-
try was 513 nm and the brightness was 800 cd/cm?2.

COMPARATIVE EXAMPLE 2

An EL device was prepared by repeating the proce-
dure of Example 2, except that the hole injecting layer
comprising the polycarbonate layer was removed.

The so obtained organic EL device had an ITO elec-
trode as the anode and a mixed metal electrode of mag-
nesium and silver as the cathode and was applied with a
DC voltage of 17V, resulting in the passage of an elec-
tric current of approximately 20 mA/cm?2 to luminesce
in Green as determined by the chromaticity coodinates.
The peak wavelength as determined by the spectrome-
try was 513 nm and the brightness was 20 cd/cm?2. It
was found that this device required a very high voltage
but had low brightness, showing that the polycarbonate
layer had served the function of a hole injecting layer to
a full extent in Example 2.

EXAMPLES 3 TO 8

The EL devices were prepared by using the polycar-
bonates listed in Table 1 as the luminescence layer and
repeating the procedure of Example 1. The results ob-
tained with these devices are given in Table 1. They
were found to have sufficiently high brightness and
high luminescence efficiency in the colors of blue
wherein it is difficult for EL luminescence layers to
work.

TABLE 1
Voltage Current
Examples Polycarbonates V) (mA/cm?)
3 Synthesis Example. 1 7 100
4 Synthesis Example. 2 7 80
5 Synthesis Example. 3 7 80
6 Synthesis Example. 4 7 100
7 Synthesis Example. 5 7 70
8 Synthesis Example. 6 7 60
Example Color of Brightness Luminescence
No. Luminescence (cd/m?) Eff. (Im/W)

3 Greenish blue 400 0.2

4 Purplish blue 150 0.08

5 Purple 200 0.1

6 Blue 10 0.04

7 Bluish green 600 0.4

8 Purplish green 260 0.2

REFERENCE EXAMPLE 2
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(1) Synthesis of:

HSCO‘©\

6.0 g (0.08 mole) of a DMF was added dropwise to 4
g (0.026 mole) of a phosphorus oxychloride while cool-
ing them with ice and a transparent solution was ob-
tained. 6.6 g (0.024 mole) of a 4-methoxytriphenylamine
was added to the solution to obtain a yellow suspension.
The yellow suspension was stirred at 4° C. for 1 hour,
followed by stirring with heating at 80° C. for 1 hour to
obtain a reddish brown solution. The solution was al-
lowed to stand to cool and the resultant reaction solu-

HO
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OH
(CszO)gﬁ'HzC @ @ CH;E(OC;gHs)z
O O

22.5 g (0.022 mole) of a potassium-t-butoxide and 6.7 g
(0.022 mole) of an aldehyde synthesized in Reference
Example 2 (1) were suspended in 100 m] of a dimethyl
sulfoxide anhydride and the suspension was stirred in an
atmosphere of argon gas at room temperature. The
resultant red suspension was stirred for 5 hours, 50 ml of
methanol and 50 ml of water were added thereto and a
yellow oily substance was obtained. The yellow oily
substance was purified by the silica gel chromatography
to obtain 4.0 g (yield: 48%) of a yellow amorphous
compound. The so obtained compound was analyzed
with the H-NMR spectrum, with the resultant finding
of the desired compound.

(3) Synthesis of:

OH

tion was introduced into 100 ml of water and neutral-
1zed on addition of 2 g of a sodium acetate. A yellow

precipitate obtained therein was filtered and the residue 45

was washed with 100 ml of water thrice and distilled
under reduced pressure and 6.1 g of a yellow powder
was obtained (yield: 83%). The powder was analyzed
with the proton magnetic resonance (H-NMR), with
the finding of the desired compound.

(2) Synthesis of:

5.0 g (0.011 mole) of a phosphonate represented by:

30

65

3.0 g (0.0039 mole) of the compound obtained in
Reference Example 2 (2) was placed in a flask equipped
with a nitrogen gas tube and dissolved in 50 ml of a
methylene chloride with cooling. 0.7 ml (0.0075 mole)
of a boron tribromide was slowly dropped thereto.
After the dropping was over, the reaction solution was
stirred for 3 hours at room temperature and 50 ml of
water in hmited amounts was added thereto with cool-
mng. The organic layer was washed with 50 ml of water

OCH3

thrice and dried with a sodium sulfate. The sodium
sulfate was filtered, then the solvent was distilled away
and 2.2 g (yield: 77%) of the desired compound was
obtained. The compound was analyzed with the 1H-
NMR spectrum and it was found that the obtained
product was the desired compound.
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SYNTHESIS EXAMPLE 8

‘["gN@_CHﬂHCH:m@_N

48

was a polycarbonate copolymer having the following
repeating unit and composition:

Pors
h\®,

0.5

4[0 o—ci—

A solution obtained by dissolving 88.8 g (0.125 mole)
of the bisphenol compound having the styrylamine
skeleton synthesized in Reference Example 2 and 33.5¢
(0.125 mole) of a 1, 1-bis(4-hydroxyphenyl) cyclohex-
ane 1 600 ml of a 3N aqueous sodium hydroxide solu-
tion and 250 ml of a methylene chloride were intro-
duced mto a 1 liter flask. The reaction solution was
vigorously stirred while keeping it at a temperature
close to 10° C. with external cooling and phosgene was
blown thereinto at a rate of 340 ml/min. for 30 minutes.

Then, the stirring was continued for 1 hour to com-
plete the polymerization. After the reaction was com-

20

23

SYNTHESIS EXAMPLE ¢

A bisphenol compound represented by the foillowing
structural formula:

(CzHSO)zﬁHzc CHzﬁ(OCsz)z

was obtained by repeating the procedure of Reference
Example 2, except that the following compound:

pleted, the organic layer was diluted with the addition
of 500 ml of a methylene chloride. The diluted organic
layer was washed with water, dilute hydrochloride acid
and water in this order and introduced into a methanol
to obtain a polycarbonate.

This polycarbonate was found to have a reduced
viscosity [nsp/c] of 0.70 dl/g as determined in a solution
having a concentration of 0.5 g/dl of the polycarbonate
with the methylene chloride as the solvent at 20° C. The
mean molecular weight (Mw) of the polymer was mea-
sured by the gel permeation chromatography (GPC),
with the resultant finding of 28000. The polymer was
analyzed with the spectrum each of the 1H-NMR and
IR, with the following findings:

'H-NMR (solvent: CD»Cl). S(ppm) 1.55 (6H, s),
2.3 (4H, s), 6.8 to 7.5 (144H, m). IR (KBr tablet
method). 981 cm—! (6c— g trans).

The polymer was analyzed for its structure and com-
position in accordance with the results of the above
spectrum analyses and it was found that the polymer

45
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was used as the phosphonate.

A polycarbonate was obtained by repeating the pro-
cedure of Synthesis Example 8, except that 136.4 g (0.2
mole) of this bisphenol compound having the above
styrylamine skeleton and 12.8 g (0.05 mole) of a 2, 2-
bis(3-methyl-4-hydroxyphenyl) propane in place of 1,

1-bis(4-hydroxyphenyl) cyclohexane were used.

This polycarbonate was found to have a [ng/c] of
0.53 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw was
measured by the GPC with the resultant finding of
28000.

The structure and composition of this polymer were
analyzed with the spectrum each of the !H-NMR, IR
and MS, with the resultant finding that the polymer was
a polycarbonate copolymer having the following re-
peating unit and composition:

0.8
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-continued
CH3
e
O (i.'l 0"'-C
CH;

ride as the solvent at 20° C. The Mw was measured by

SYNTHESIS EXAMPLE 10 the GPC with the resultant finding of 30000.
A bisphenol compound represented by the following ‘The structure and composition of this polymer were
structural formula: Structural Formula 15 determined with the result of the analysis of the spec-

trum each of the 1H-NMR, IR and MS. As the result it
was found that the polymer was a polycarbonate co-

polymer having the following repeating unit and com-
(CszO)zPHzC CH=CH OCH; pOSiﬁOIl:
‘©>\ /.— O—C_

0.2

|
O

0.8

SYNTHESIS EXAMPLE 11

A bisphenol compound represented by the following
structural formula:

45

was obtained by repeating the procedure of Reference
Example 2, except that the following compound:

was used as the phosphonate.
A polycarbonate was obtained by repeating the pro- 60
cedure of Synthesis Example 8, except that 23.35 g (0.05

mole) of this bisphenol compound having the above
styrylamine skeleton and 70.4 g (0.20 mole) of a 1, 1-
bis(4-hydroxyphenyl)-1, 1-diphenylmethane in place of (CzHSO)zPHZC @ @ CHZP(OCZHS)Z

1, 1-bis(4-hydroxyphenyl) cyclohexane were used. This 65

polycarbonate was found to have a [75/c] of 0.74 di/g

as determined in a solution having a concentration of  was obtained by repeating the procedure of Reference

0.5 g/dl of the polycarbonate with the methylene chlo- Example 2, except that the following compound:
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polymer having the following repeating unit and com-
position:

O0—C

N C=CH CH=C N
CH3
0
O C O~C
| !
CH;j O

0.43

CH3 0.57
25
HACO SYNTHESIS EXAMPLE 12
ﬁ' A bisphenol compound represented by the following
N C structural. formula:
©/ (C2H50)2ﬁH2C
was used as the phosphonate and following another

compound: @
CHzﬁ(OCZH:s)z
O
HO OH

CH=C —N

50

was used as the aldehyde derivative.
A polycarbonate was obtained by repeating the pro-

cedure of Synthesis Example 8, except that 113.5 g  was obtained by repeating the procedure of Reference

(0.125 mole) of this bisphenol compound having a  Example 2, except that the following compound:
styrylamine skeleton represented by the above formula 55

and 23.5 g (0.125 mole) of a 2, 2-bis(4-hydroxyphenyl)
propane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex-
ane were used. H3CO
This polycarbonate was found to have a [ng/c] of
0.68 dl/g as determined in a solution having a concen- 60 N CHO
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw was
measured by the GPC with the resultant finding of
24000.
The structure and composition of this polymer were 65 CHj3
determined with the result of the analysis of the spec-
trum each of the lH-NMR, IR and MS, As the result, it  was used as the phosphonate and following another
was found that the polymer was a polycarbonate co- compound:
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HO
@—CH=CH
...@
CHj3
20
was used as the aldehyde derivative. polymer having the following repeating unit and com-

A polycarbonate was obtained by repeating the pro- position:

CH;j;

cedure of Synthesis Example &, except that 158 g (0.2 55
mole) of this bisphenol compound having a styrylamine SYNTHESIS EXAMP LE 13

skeleton represented by the above formula and 13.4 g A bisphenol compound represented by the following
(0.05 mole) of a 1, 1-bis(4-hydroxyphenyl) cyclohexane structural formula:

were used. This polycarbonate was found to have a

[msp/c] of 0.52 dl/g as determined in a solution having a 60 Structural Formula

concentration of 0.5 g/dl of the polycarbonate with the

methylene chloride as the solvent at 20° C. The Mw

was measured by the GPC with the resultant finding of
21000. - (C2H50),PH,C CH,P(OC2Hs)2

. . II ll
The structure and composition of this polymer were 65

determined with the results of the analysis of the spec-
trum each of the lH-NMR, IR and MS, with the resul- was obtained by repeating the procedure of Reference
~ tant finding that the polymer was a polycarbonate co- Example 2, except that the compound represented by:
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HO

@N
was used as the phosphonate.

A polycarbonate was obtained by repeating the pro-
cedure of Synthesis Example 8, except that 34.1 g (0.05
mole) of this bisphenol compound having a styrylamine
skeleton represented by the above structural formula
and 70.4 g (0.20 mole) of a 1, 1-bis(4-hydroxyphenyl)-1,
1-diphenylmethane in place of 1, l-bis(4—hydroxyphe-
nyl) cyclohexane were used. This polycarbonate was
found to have a [ng/c] of 0.62 dl/g as determined in a
solution having a concentration of 0.5 g/dl of the poly-
carbonate with the methylene chloride as the solvent at
20° C. The Mw was measured by the GPC with the
resultant finding of 21000.

The structure and composition of this polymer were
determined with the results of the analysis of the spec-
trum each of the IH-NMR, IR and MS, with the resul-
tant finding that the polymer was a polycarbonate co-

polymer having the following repeating unit and com-
position:

15

20

25

56

/@ -
CH==CH CH= CH—@ N

(C;szO)zPHzC @ @ CHzP(OCsz)z

was obtained by repeating the procedure of Reference
Example 2, except that the following compound:

~Or @°‘3

SYNTHESIS EXAMPLE 14
A bisphenol compound represented by the following

0.8

structural formula:

0.2

5 was used as the phosphonate and following another

CH=CH

compound:

was used as the aldehyde derivative.
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A polycarbonate was obtained by repeating the pro-
- cedure of Synthesis Example 8, except that 132.4 g (0.2

mole) of this bisphenol compound having a styrylamine

skeleton represented by the above structural formula
and 12.8 g (0. 05 mole) of a 2, 2-bis(3-methyl-4-hydrox-
yphenyl) propane in place of 1, 1-bis(4-hydroxyphenyl)-
cyclohexane were used.

Structural Formula

HO

S

58

SYNTHESIS EXAMPLE 15

A polycarbonate was obtained by repeating the pro-
cedure of Reference Example 2 and Synthesis Example
8, except that 144.8 g (0.2 mole) of a bisphenol com-
pound having a styrylamine skeleton represented by the
following structural formula:

OH

This polycarbonate was found to have a [7g/c] of
0.68 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-

- lene chloride as the solvent at 20° C. The Mw was

measured by the GPC with the resultant finding of 25

29000. |
The structure and composition of this polymer were

determined with the results of the analysis of the spec-
trum each of the IH-NMR, IR and MS, with the resul-
tant finding that the polymer was a polycarbonate co-
polymer having the following repeating unit and com-
position:

CHj3
?Hs
O C O—C
| |
CHj3 0
CHs 0.77
O

30

O
CH=CH CH=CH @ N

35

and 20.2 g (0.2 mole) of a 4, 4'-hydroxyphenylether in
place of 1, 1 -bis(4-hydroxyphenyl) cyclohexane were
used. This polycarbonate was found to have a [n,/c] of
0.71 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw was
measured by the GPC with the resultant finding of

30000.

The structure and composition of this polymer were
determined with the results of the analysis of the spec-
trum each of the lH-NMR, IR and MS, with the resul-
tant finding that the polymer was a polycarbonate co-

O=—C

0.23

polymer having the following repeating unit and com-
position:

0—C
i
0

0.5
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-continued
{0—( : : —0— : : }—o—h‘,
O
0.5
SYNTHESIS EXAMPLE 16 , SYNTHESIS EXAMPLE 17
0
A polycarbonate was obtained by repeating the pro- A polycarbonate was obtained by repeating the pro-

cedure of Reference Example 2 and Synthesis Example cedure of Reference Example 2 and Synthesis Example
8, except that 72.4 g (0.1 mole) of a bisphenol compound 8, except that 72.4 g (0.1 mole) of a bisphenol compound

having a styrylamine skeleton represented by the fol- having a styrylamine skeleton represented by the fol-
lowing structural formula: lowing structural formula:
Structural Formula

Structural Formula

and 21.8 g (0.1 mole) of a 4, 4'-hydroxybiphenylsulfone and 25 g (0.1 mole) of a 4, 4-hydroxybiphenylsulfide in
in place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were
used. This polycarbonate was found to have a [n,/c] of 40 used. This polycarbonate was found to have a [7,/c] of
0.5 dl/g as determined in a solution having a concentra- 0.62 dl/g as determined in a solution having a concen-
tion of 0.5 g/dl of the polycarbonate with the methylene tration of 0.5 g/dl of the polycarbonate with the methy-
chloride as the solvent at 20° C. The Mw was measured lene chloride as the solvent at 20° C. The Mw was
by the GPC with the resultant finding of 19000. measured by the GPC with the resultant finding of
The structure and composition of this polymer were 4 24000.
determined with the results of the analysis of the spec- The structure and composition of this polymer were
trum each of the lH-NMR, IR and MS, with the resul- determined with the results of the analysis of the spec-
tant finding that the polymer was a polycarbonate co- trum each of the 1H-NMR, IR and MS, with the resul-
polymer having the following repeating unit and com- 50 tant finding that the polymer was a polycarbonate co-
position:

0.5

0.5



5,389,444
61 62
polymer having the following repeating unit and com-  was measured by the GPC with the resultant finding of

position: 31000.

0 ' 0—C
!
N CH=CH CH=CH N ©
0.5
O
0.5
The structure and composition of this polymer were

SYNTHESIS EXAMPLE 18 determined with the results of the analysis of the spec-

A polycarbonate was obtained by repeating the pro-  trum each of the IH-NMR, IR and MS, with the resul-
cedure of Reference Example 2 and Synthesis Example 75 tant finding that the polymer was a polycarbonate co-
8, except that 72.4 g (0.1 mole) of a bisphenol compound polymer having the following repeating unit and com-
having a styrylamine skeleton represented by the fol-  position:

lowing structural formula:

Structural Formula

o0 ©

and 19 g (0.1 mole) of a 1, 4-bis(4-hydroxyphenyl) bu- 60 SYNTHESIS EXAMPLE 19

tane in place of 1, 1-bis(4-hydroxyphenyl) cyclohexane A polycarbonate was obtained by repeating the pro-
were used. This polycarbonate was found to have a  cedure of Reference Example 2 and Synthesis Example
[nsp/c] of 0.71 dl/g as determined in a solution having a 8, except that 72.4 g (0.1 mole) of a bisphenol compound
concentration of 0.5 g/dl of the polycarbonate with the = having a styrylamine skeleton represented by the fol-
methylene chloride as the solvent at 20° C. The Mw 65 lowing structural formula:

HO

Structural Formula
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63
-continued

-0 ©

and 34.4 g (0.1 mole) of a 1, 1-bis(4-hydroxyphenyl) 8, except that 72.4 g (0.1 mole) of a bisphenol compound
cyclohexane were used. This polycarbonate was found having a styrylamine skeleton represented by the fol-
to have a [7,/c] of 0.65 dl/g as determined in a solution  lowing structural formula:

HO

Structural Formula

o O

having a concentration of 0.5 g/dl of the polycarbonate and 18.6 g (0.1 mole) of a 4, 4'-biphenyl in place of 1,
with the methylene chloride as the solvent at 20° C. The 30 - 1-bis(4-hydroxyphenyl) cyclohexane were used. This
Mw was measured by the GPC with the resultant find- polycarbonate was found to have a [7,/c] of 0.68 dl/g

HO

ing of 25000. as determined in a solution having a concentration of
The structure and composition of this polymer were 0.5 g/dl of the polycarbonate with the methylene chio-

determined with the results of the analysis of the spec- ride as the solvent at 20° C. The Mw was measured by

trum each of the lH-NMR, IR and MS, with the resul- 35 the GPC with the resultant finding of 29000.

tant finding that the polymer was a polycarbonate co- The structure and composition of this polymer were

polymer having the following repeating unit and com- determined with the results of the analysis of the spec-

position: trum each of the IH-NMR, IR and MS, with the resul-

O—C

0.5

65

SYNTHESIS EXAMPLE 20

tant finding that the polymer was a polycarbonate co-
A polycarbonate was obtained by repeating the pro- polymer having the following repeating unit and com-
cedure of Reference Example 2 and Synthesis Example position:
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0.5

| »qo Was measured by the GPC with the resultant finding of
SYNTHESIS EXAMPLE 21 - O 25000.

A polycarbonate was obtained by repeating the pro- The structure and composition of this polymer were
cedure of Reference Example 2 and Synthesis Example = determined with the results of the analysis of the spec-
8, except that 75.2 g (0.2 mole) of a bisphenol compound  trum each of the IH-NMR, IR and MS, with the resul-

having a styrylamine skeleton represented by the fol- ,5 tant finding that the polymer was a polycarbonate co-
lowing structural formula: polymer having the following repeating unit and com-

Structural Formula

@ ) - /©>_
HO OH
and 21.6 g (0.1 mole) of a 2, 2-bis(4-hydroxyphenyl) position:

O—C

CHj CHj3
O
N CH=CH @ CH=CH N
o
CH3

propane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex-
ane were used. This polycarbonate was found to have a 60 SYNTHESIS EXAMPLE 22

[nsp/c] of 0.68 dl/g as determined in a solution having a A polycarbonate was obtained by repeating the pro-
concentration of 0.5 g/dl of the polycarbonate with the cedure of Reference Example 2 and Synthesis Example

methylene chloride as the solvent at 20° C. The Mw 8, except that 61.8 g (0.1 mole) of a bisphenol compound
having a styrylamine skeleton represented by the fol

65 lowing structural formula: |

0.5

Structural Formula
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-continued
CH=CH N
N\
CH;

and 21.6 g (0.1 mole) of a 2, 2-bis(4-hydroxyphenyl) 10 8 except that 78.4 g (0.1 mole) of a bisphenol compound
propane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex- ~ having a styrylamine skeleton represented by the fol-
ane were used. This polycarbonate was found to havea  lowing structural formula:

Structural Formuia

[nsp/c] of 0.85 dl/g as determined in a solution havinga  and 4.6 (0.1 mole) of a 2, 2-bis(4-hydroxyphenyl) pro-
concentration of 0.5 g/dl of the polycarbonate with the  pane in place of 1, 1-bis(4-hydroxyphenyl) cyclohexane
methylene chloride as the solvent at 20° C. The Mw were used. This polycarbonate was found to have a
was measured by the GPC with the resultant finding of ~ [ng/c] of 0.59 dl/g as determined in a solution having a
34000. 3o concentration of 0.5 g/dl of the polycarbonate with the

The structure and composition of this polymer were methylene chloride as the solvent at 20° C. The Mw
determined with the results of the analysis of the spec-  was measured by the GPC with the resultant finding of

trum each of the {H-NMR, IR and MS, with the resul- 20000.

HO

tant finding that the polymer was a polycarbonate co- The structure and composition of this polymer were
polymer having the following repeating unit and com- 35 determined with the results of the analysis of the spec-
position: trum each of the 1H-NMR, IR and MS, with the resul-

O O~C

N CH=CH CH=CH N L!.

/ N\
H3C - CH; 0.5
e
CH; O
0.5
tant finding that the polymer was a polycarbonate co-

SYNTHESIS EXAMPLE 23 polymer having the following repeating unit and com-
A polycarbonate was obtained by repeating the pro- position:
cedure of Reference Example 2 and Synthesis Example |

O O—C

@/@ CH=CH3m=CH@N ]

0.5



),389,444

69 70
-continued
. (]JH3
0 C O—C
| |
CH;j; O
0.5
10
EXAMPLE 9 -continued

A transparent supporting substrate was provided in
the form of a 25 mm X 75 mm X 1.1 mm glass substrate
over which a film having a thickness of 100 nm was
formed from an ITO according to the vapor deposition
process (supplied by HOYA). Previously this substrate
was washed with an ultrasonic wave in isopropyl alco-
hol, dried by blowing nitrogen gas and further washed
with UV ozone (UV 300 supplied by Samco Interna-
tional) for 8 minutes. |

A luminescence layer was laid on this transparent
supporting substrate by coating a 0.9 wt. % solution
obtained by dissolving 200 mg of the polycarbonate of
Synthesis Example 10 in 20 g of a 1, 2-dichloroethane
according to the spin coating process. The spin coating ¢
was carried out in 7000 rPm for 50 seconds, resulting in
a film having a thickness of 600+=50A*! (surface profile
detector: DEKTAK 3030 supplied by Sloan Co.). This
luminescence layer was very excellent in the thin film
properties and further it was expected that a good or-
ganic EL device could be made from this luminescence
layer. Then, this transparent supporting substrate was
set to the substrate holder of a commercially available
vacuum deposition system comprising 3 resistance heat-
ing boats (supplied by Japan Vacuum Technique Co.,
Ltd.) Placed in one boat was 200 mg of a PBD as the
electron injecting material. 2 g of a magnesium was
placed 1 another boat and 200 mg of a silver in still
another boat and then the vacuum chamber was depres-

surized to 2X 10—3 Pa. Then, the boat containing PBD 4,
was heated to deposit the PBD at a deposition rate of
0.3 to 0.5 nm/sec and provide an electron injecting
layer comprising a film having a thickness of 20 nm on
the transparent supporting substrate. In this process, the

substrate was maintained at room temperature.

*1: The film was examined by an optical microscope 3 months later,
with the resultant finding that no recognizable changes in the thin film
and crystallization were present and the film remained as it should be.

Thereafter, the boat containing magnesium and the
boat containing silver were electrified simultaneously to
deposit them while keeping a ratio of one rate of deposi-
tion to another rate of deposition (magnesium: silver) at
1:7 to 1:10. Thus, obtained was an opposed electrode
comprising the magnesium and silver which were de-
posed in the form of a laminate having a thickness of 120
nm (detected by a quartz oscillator sensor). In this way,
the desired organic EL device was completed.

Then, the so obtained organic EL device was applied
with a DC voltage of 6V, resulting in the passage of an
electric current of 70 mA/cm? to luminesce in Blue
green as determined by the chromaticity coordinates. ¢
The peak wavelength as determined by the spectrome-
try was 483 nm and the brightness was 1200 cd/cm?.

REFERENCE EXAMPLE 3

A phosphonate represented by the following struc- s
tural formula:

15

20

35

435

S0

93

Structural Formula

30

O

was dissolved in 20 ml of a dimethylsulfoxide (DMSO)
in an atmosphere of argon gas and 1.0 g of a potassium-
t-butoxide (t-BuOK) was added thereto. Then, a com-
pound represented by the following structural formula:

Structural Formula

was added thereto and the resultant mixture was stirred
for 5 hours. 100 ml of a methanol was added to the so
obtained reaction product and a yellow powder was
precipitated. An iodine-containing benzene solution
was added to this powder for recrystallization and 0.9 g

of a yellowish powder was obtained.
The structure and composition of the so obtained

yellowish powder were analyzed according to the spec-
trum of the proton magnetic resonance (!H-NMR), and
as the result it was found that the power was a styryla-
mine compound represented by:

©\ =CH CH=CH
e

By repeating the procedure of Example 9, a 0.9 wt. %
solution obtained by dissolving 20 mg of this compound
in 20 g of a dichloromethane was coated on the trans-
parent supporting substrate according to the spin coat-
ing process. The spin coating was carried out in 7000
rPm for 50 seconds. The obtained film was measured by
said DEKTAK 3030, with the resultant finding that the
thin film had a markedly uneven thickness of
600+=400A.

Ordinarily, a film cannot be formed from a single
member of a low molecular weight organic substance
having such marked unevenness and the material can by
no means be used either as a luminescence layer or as a
hole 1njecting layer.

COMPARATIVE EXAMPLE 3

An organic EL device was prepared by repeating the
procedure of Example 9, except that the styrylamine
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compound obtained in Reference Example 3 was used
as the emitting layer (a film at a thickness of 60 nm).
The organic EL device had an ITO electrode as the
anode and a mixed metal electrode of magnesium and
silver as the cathode and was applied with a DC voltage
of 7V and as the result it was found that the device was
shortcircuited, incapable of emitting EL.

EXAMPLE 10

A polycarbonate was synthesized by repeating the
procedure of Example 9. Then, a hole injecting layer
was prepared on the transparent supporting substrate by
coating a 0.9 wt. % solution obtained by dissolving 200
mg of the above polycarbonate in 20 g of a dichloro-
methane according to the spin coating process. The spin
coating was carried out in 7000 rpm for 50 seconds,
resulting in a film at a thickness of 600+ 100A (surface
profile detector: DEKTAK 3030 supplied by Sloan
Co.). Then, this transparent supporting substrate was set
to the substrate holder of a commercially available vac-
uum deposition system comprising 3 resistance heating
- boats (supplied by Japan Vacuum Technique Co., Ltd.)
Placed m one boat was an aluminum complex (Alg, 200
mg) in which a 8-hydroxyquinoline as an emitting mate-
rial was coordinated at (III). A magnesium (2 g) was
placed i another boat and a silver (200 mg) in still
another boat and then the vacuum chamber was depres-
surized to 10—3 Pa. Then, the boat containing Alq was
heated to 250° to 270° C. to deposit the Alq at a deposi-
tion rate of 0.1 to 0.3 nm/sec and provide an electron
transferring luminescence layer comprising a film at a
thickness of 50 nm on the transparent supporting sub-
strate. In this process, the substrate was maintained at
room temperature.

Thereafter, the boat containing magnesium and the
boat containing silver were electrified simultaneously to
deposit them while keeping the ratio of one rate of
depostition to another rate of deposition (magnesium:sil-
ver) at 1:7 to 1:10. Thus, obtained was an opposed elec-
trode comprising the magnesium and silver which were
deposited at a thickness of 120 nm (detected by a quartz
oscillating sensor). In this way, the desired organic EL
device was completed.

The so obtained organic EL device had an ITO elec-
trode as the anode and a mixed metal electrode of mag-
nesium and silver as the cathode and was applied with a
DC voltage of 7V, resulting in the passage of an electric
current of approximately 50 mA/cm2 to emit EL in
green as determined by the chromaticity coordinates.
The peak wavelength as determined by the spectrome-
try was 513 nm and the brightness was 1000 cd/cm?2.

COMPARATIVE EXAMPLE 4
An organic EL device was prepared by repeating the

10

15
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25
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EXAMPLES 11 TO 25

The organic EL devices were prepared by using the
polycarbonates listed in Table 2 as the emitting layer
and repeating the procedure of Example 9. The results
obtained with them are given in Table 2. Those devices
were found to have sufficiently high brightness and
high luminescence efficiency in colors wherein it is
difficult for the conventional EL emitting layers to

work.
TABLE 2
Example Voltage Current
No. Polycarbonates (V) (mA/cm?)
11 Synthesis Example. 1 9 50
12 Synthesis Example. 2 7 70
13 Synthesis Example. 3 7 40
14 Synthesis Example. 4 7 70
15 Synthesis Example. 5 3 70
16 Synthesis Example. 6 9 60
17 Synthesis Example. 8 9 45
18 Synthesis Example. 9 10 60
19 Synthesis Example. 10 12 35
20 Synthesis Example. 11 8 40
21 Synthesis Example. 12 9 75
22 Synthesis Example. 13 10 80
23 Synthesis Example. 14 7 90
24 Synthesis Example. 15 8 25
25 Synthesis Example. 16 9 30
Example Colors Brightness Luminescence
No. of Luminescence (cd/m?) Eff. (1 m/W)
11 Green 1200 0.8
12 Greenish blue 250 0.2
13 Green 1000 1.1
14 Bluish green 600 0.4
15 Blue 400 0.2
16 Blue 500 0.3
17 Green 800 0.6
18 Green 450 0.2
19 Green 150 0.1
20 Green 600 0.6
21 Green 800 0.4
22 Green 1000 0.4
23 Green 400 0.2
24 Bluish green 500 0.8
25 Green 400 0.5
REFERENCE EXAMPLE 4

Synthesis of:

o) cmc~ADp{O)—came—{O)on
© ©

(1) Synthesis of an arylene group-containing phosphoric

procedure of Example 10, except that the hole injecting 55 compound

layer comprising the polycarbonate layer was not incor-
porated into the device.

The organic EL device had an ITO electrode as the
anode and a mixed metal electrode of magnesium and

silver as the cathode and was applied with a DC voltage 60

of 17V, resulting in the passage of an electric current of
approximately 20 mA/cm? to emit EL in green as deter-
mined by the chromaticity coordinates. The peak wave-
length as determined by the spectrometry was 513 nm
and the brightness was 20 cd/m2. This device required
a markedly high voltage but had low brightness, em-
phasizing that the polycarbonate layer had worked as a
hole mjecting layer perfectly in Example 2.

65

9.0 g of a 4, 4'-bis(bromomethyl) biphenyl and 11 g of
a triethyl phosphite were stirred on an oil bath at 140°
C. for 6 hours in a stream of argon gas. Then, the exces-
sive triethyl phosphite and an ethyl bromide formed as
a byproduct were distilled away under reduced pres-
sure. The residue was allowed to stand overnight and
9.5 g (vield: 80%) of white crystals was obtained. The
crystals were found to have a melting point of 97.0° to
100.0° C. They were analyzed by the proton nuclear
magnetic resonance (!H-NMR, solvent: CDCl3) and the
results thereof are given below:

0=7.0 to 7.6 ppm (m; 8H, biphenylene ring-H)

6=4.0 ppm (q; 8H, ethoxy group methylene-CH)
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6=3.1 ppm (d; 4H, J=20 Hz(3!P-!H coupling)P-
CH>)
0=1.3 ppm (t; 12H, ethoxy group methyl-CH3)
It was confirmed from the above results that the
product was an arylene group-containing phosphoric
compound (phosphonate) represented by the following

formula:

(CszO)zPHzC @ @ CHgP(OCsz)z

(2) Synthesis of:

-0
© O

6.2 g (0.016 mole) of the phosphonate synthesized in
(1) above, 3.6 g (0.03 mole) of a potassium-t-butoxide
and 6.3 g (0.03 mole) of a 4-methoxybenzophenone
were suspended in 100 ml of a dimethylsulfoxide anhy-
dride and stirred at room temperature in an atmosphere
of argon gas. The reaction product occurred as a red
suspension. After 4 hours of stirring, 50 ml of methanol
and 50 m! of water were added thereto and a yellow
precipitate was formed. The precipitate was filtered and
purified by the silica gel chromatography to obtain 3.2
g (yield: 40%) of a yellowish powder. The powder was
analyzed by the proton nuclear magnetic resonance
(IH-NMR), with the resultant finding that it was the
desired product.

(3) Synthesis of:

oD c=crirA~AD)—crmo—{Op—o
Q ©

3.0 g (0.006 mole) of the compound obtained in (2)
above was placed in a 200 ml flask equipped with a
nitrogen tube and 50 ml of a methylene chloride was
introduced thereto. The compound was dissolved in 50
ml of the methylene chloride while cooling the solution
and 1.2 ml of a boron tribromide was slowly dropped
into the solution. After the dropping was completed,
the reaction solution was stirred at room temperature
- for 3 hours and again with cooling 50 ml of water in
limited amounts was added thereto. The organic layer
was washed with 50 ml of water thrice and dried with
a sodium sulfate. After the sodium sulfate was filtered,
the solvent was distilled away to obtain 3.0 g (yield:
90%) of the desired compound. The analysis with 'H-
NMR resulted in the finding that the structure of the
obtained compound was the structure of the desired
product.

OCHj3

SYNTHESIS EXAMPLE 24

A solution obtained by dissolving 67.8 g (0.125 mole)
of the dihydroxy compound synthesized in the same
way as in Reference Example 4 and 28.5 g (0.125 mole)
of a 2, 2-bis(4-hydroxyphenyl) propane in 600 ml of a
3N aqueous sodium hydroxide solution and 250 ml of a
methylene chloride were placed in a 1 liter flask. The
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S0

33

65

14

reaction solution was vigorously stirred while the tem-
perature of the solution was kept close to 10° C. with
external cooling and a phosgene was blown thereinto at
a rate of 340 ml/min for 30 minutes.

Thereafter the stirring was continued for another 1
hour to complete the polymerization. After the reaction
was over, the organic layer was diluted with 500 ml of

the methylene chloride.

The diluted organic layer was washed with water,
diluted hydrochloric acid and water in this order and
introduced into a methanol to obtain a polycarbonate
polymer.

The so obtained polymer was found to have a re-
duced viscosity [ns,/c] of 0.89 dl/g as determined in a
solution having a concentration of 0.5 g/dl of the poly-
carbonate with the methylene chloride as the solvent at
20° C.

The polymer was also analyzed with the spectrum
each of the !H-NMR and IR and the results thereof are
given as follows: '

IH-NMR (Solvent: CD2Cl,). §(ppm)=1.70 (6H, s).
6.8 to 7.5 (34H, m).

It was confirmed from the results of the NMR spec-
trum and the IR spectrum that this polymer comprised
the following repeating unit and composition:

~0--o—0-0---O-
© 0

0.5
CH3
CH3

SYNTHESIS EXAMPLE 25
A dihydroxy compound represented

HO@— C= CH—@— CH= C@— OH
© ©

was obtained by repeating the procedure of Reference
Example 4, except that

I I
(C2Hs0),PH,C CHaP(OCyHs)

was used as a phosphonate.

A solution comprising 65.8 g (0.125 mole) of this
dihydroxy compound having a diarylvinylene arylene
skeleton and 33.5 g (0.125 mole) of a 1, 1-bis(4-hydrox-
yphenyl) cyclohexane and 250 ml of a methylene chlo-
ride were placed in a 1 liter flask. The reaction solution
was vigorously stirred while the temperature of the
solution was kept close to 10° C. with external cooling
and phosgene was blown thereinto at a rate of 340
m/min for 30 minutes.
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Thereafter the stirring was continued for 1 hour to
complete the polymerization. After the reaction was
over, the organic layer was diluted with 520 ml of the
methylene chloride and the diluted organic layer was
washed with water, diluted hydrochloric acid and
water 1n this order and the product was introduced into
methanol to obtain a polycarbonate polymer.

Thas polymer was found to have a 7g,/c of 0.6 d1/g as
determined in a solution having a concentration of 0.5
g/dl of the polycarbonate with the methylene chloride
as the solvent at 20° C. The mean molecular weight
(Mw) of the polymer was measured with the gel perme-
ation chromatography (GPC), with the resultant find-
ing of 25000.

The structure and composition of this polymer were
determined with the result of the analysis of the spec-
trum as described above, with the resultant finding that
the polymer was a polycarbonate copolymer having the
following repeating unit and composition:

g
1%

SYNTHESIS EXAMPLE 26

o—~O-s=ci—O)-cmc—Opoc
o5

0.5

A polycarbonate polymer was obtained by repeating 4

the procedure of Synthesis Example 24, except that 95.6
g (0.2 mole) of a dihydroxy compound having a diaryl-
vinylene arylene skeleton represented by:

HO—@— C= CH—@— CH=C—©— OH
® @

and 12.8 g (0.05 mole) of a 2, 2-bis(3-methyl-4-hydrox-
yphenyl) propane in place of 1, 1-bis(4-hydroxyphenyl)
cyclopropane were used.

The so obtained polymer was found to have a ng/c of 55

0.45 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw of the
polymer was measured by the GPC, with the resultant
finding of 15000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the lH-NMR, IR and MS, with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-
position:

45

76

O C WS —— W
105050

CH CH
3 ?H3 3

0.8

10

C

)

CHj; O
0.2

15

SYNTHESIS EXAMPLE 27

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that 15.1
mole of a dihydroxy compound having a diarylvinylene
arylene skeleton represented by:

so—{O)—c=caAD)~O)—cme—O)—os
© ©

and 70.4 g (0.20 mole) of a 1, 1-bis(4-hydroxyphenyl)-1,
1-diphenylmethane in place of 1, 1-bis(4-hydroxyphe-
nyl) cyclohexane were used.

The so obtained polymer was found to have a 7,,/c of
0.75 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw of the
polymer was measured by the gel permeation chroma-
tography (GPC), with the resultant finding of 28000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the !H-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-
position: '

Q- ==~0-0-=-0
& &
?

o~AD)—e~D)—o—c

|
O

20

25

30

35

20

0.2

60 @
0.8
SYNTHESIS EXAMPLE 28
65 A polycarbonate polymer was obtained by repeating

the procedure of Synthesis Example 24, except that 82.1
g (0.125 mole) of a dihydroxy compound having a dia-
rylvinylene arylene skeleton represented by:
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CH3

and 28.5 g (0.125 mole) of a 2, 2-bis(4-hydroxyphenyl)
propane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex-
ane were used.

The so obtained polymer was found to have a 75,/c of
0.4 dl/g as determined in a solution having a concentra-
tion of 0.5 g/dl of the polycarbonate with the methylene
chloride as the solvent at 20° C. The Mw of the polymer
was measured by the GPC, with the resultant finding of
13000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the 'H-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-

position:
—E CH3
CH3

SYNTHESIS EXAMPLE 29

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that 71.2
g (0.2 mole) of a dihydroxy compound having a diaryl-
vinylene arylene skeleton represented by:

o—{O—cmct™ > ~caimo—{O)—on
o ©

and 13.4 g (0.05 mole) of a 1, 1-bis(4-hydroxyphenyl)
cyclohexane were used. The so obtained polymer was
found to have a mg/c of 0.79 dl/g as determined in a
solution having a concentration of 0.5 g/dl of the poly-
carbonate with the methylene chloride as the solvent at
20° C. The Mw of the polymer was measured by the
GPC, with the resultant finding of 32000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the IH-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-

0.5

15

20

25

43

30
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polymer having the following repeating unit and com-
position:

QL
O—@— C=CH CH=C Oﬁ
°© ©

0401

0.8

CH; 9.5

SYNTHESIS EXAMPLE 30

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that 13.7
g (0.05 mole) of a dihydroxy compound having a diaryi-
vinylene arylene skeleton represented by:

C= CH CH—C

RCC

and 70.4 g (0.20 mole) of a 1, 1-bis(4-hydroxyphenyl)-1,
l-diphenylmethane in place of 1, 1-bis(4-hydroxyphe-
nyl) cyclohexane were used.

The so obtained polymer was found to have a 15/c of
0.4 dl/g as determined in a solution having a concentra-
tion or 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw of the
polymer was measured by the GPC, with the resultant
finding of 18000.
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The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the ITH-NMR, IR and MS, with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-
position:

C=CH H"‘""C

RCRCN

ol
1[%@ JF

SYNTHESIS EXAMPLE 31

A polycarbonate polymer was obtained by repeating,
the procedure of Synthesis Example 24, except that 74.4

10

15

23

80
was measured by the GPC, with the resultant finding of
32000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the !H-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-
position:

OO0
CH3 CH3

2 CH;-;
CH3 3
SYNTHESIS EXAMPLE 32

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that
122.25 g (0.125 mole) of a dihydroxy compound having
a diarylvinylene arylene skeleton represented by:

O—~O =@=

g (0.2 mole) of a dihydroxy compound having a diaryl-
vinylene arylene skeleton represented by:

HO—@— (|3=CH—©— CH=1.:—©— OH
CH3 CHj

and 44.6 g (0.2 mole) of a 2, 2-bis(3-methyl-4-hydrox-

yphenyl) propane in place of 1, 1-bis(4-hydroxyphenyl) 50

cyclohexane were used.

The so obtained polymer was found to have a %g/c of
0.7 dl/g as determined in a solution having a concentra-
tion of 0.5 g/dl of the polycarbonate with the methylene

40

45

chloride as the solvent at 20° C. The Mw of the polymer 55

and 32.25 g (0.125 mole) of a 2, 2-bis(3-methyl-4-
hydroxyphenyl) propane in place of 1, 1-bis(4-hydrox-
yphenyl) cyclohexane were used.

The so obtained polymer was found to have a ns,/c of
0.6 dl/g as determined in a solution having a concentra-
tion of 0.5 g/dl of the polycarbonate with the methylene
chloride as the solvent at 20° C. The Mw of the polymer
was measured by the GPC, with the resultant finding of
24000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the IH-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-
pOSItion:

0.5
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-continued
CHj;

0
° I i

CHj O

CH;3 0.5
CHj3 CH;
s O ,@
HO C=CH—©— CH=C OH
SYNTHESIS EXAMPLE 33

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that
109.5 g (0.125 mole) of a dihydroxy compound having a
diarylvinylene arylene skeleton represented by:

20

@ ©

and 25.3 g (0.125 mole) of a bis(4-hydroxyphenyl) ether
in place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were

- used. The so obtained polymer was found to have a

CN CN

Oy SO
58

and 32.25 g (0.125 mole) of a 2, 2-bis(3-methyl-4-
hydroxyphenyl) propane in place of 1, 1-bis(4-hydrox-
yphenyl) cyclohexane were used.

The so obtained polymer was found to have a 7/c of
0.4 dl/g as determined in a solution having a concentra-
tion of 0.5 g/dl of the polycarbonate with the methylene
chloride as the solvent at 20° C. The Mw of the polymer
was measured by the GPC, with the resultant finding of
13000. |

The structure and composition of the polymer were
determined with the results of he analysis of the spec-
trum each of the lH-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-
position:

25

HO OH

30

35

40

45

CN CN

O o SO,
&g T

CH3;
I
0

50
O

0.5
2

I
CHj3 O
CHj3

0.5

SYNTHESIS EXAMPLE 34

A polycarbonate polymer was obtained by repeating 65
the procedure of Synthesis Example 24, except that 107
g (0.125 mole) of a dihydroxy compound having a dia-
rylvinylene arylene skeleton represented by:

Nsp/C of 0.61 dl/g as determined in a solution having a
concentration of 0.5 g/dl of the polycarbonate with the
methylene chioride as the solvent at 20° C. The Mw of
the polymer was measured by the GPC, with the resul-
tant finding of 21000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the lH-NMR, IR and MS with the resul-

tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-

position:

CH;3 CHj3

O - O
5%

00,

0

0.5

SYNTHESIS EXAMPLE 35

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that
122.3 g (0.125 mole) of a dihydroxy compound having a
diarylvinylene arylene skeleton represented by:

@C=CH CI-I=C/(@r
@) ©
© Q

and 25.25 g (0.125 mole) of a 1, 2-bis(4-hydroxyphenyl)
ethane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex-
ane were used.
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The so obtained polymer was found to have a 7g,/c of
0.45 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw of the
polymer was measured by the GPC, with the resultant 3
finding of 15000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum, each of the IH-NMR, IR and MS with the resul-

tant finding that this polymer was a polycarbonate co- 10
polymer having the following repeating unit and com-
position:

15
et Jogl
o=ci—{O~{O)—cri=c
© @} 20
10O

30

SYNTHESIS EXAMPLE 36

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that
87.75 g (0.125 mole) of a dihydroxy compound having a
diarylvinylene arylene skeleton represented by:

ro~O5=ci{O-O-cr=~O-on
CH3 CH3

and 26.75 g (0.125 mole) of a 4, 4'-dihydroxyphenyl in
place of 1, 1-bis(4-hydroxyphenyl) cyclohexane were
used.

The so obtained polymer was found to have a Nsp/€ Of 45
0.65 dl/g as determined in a solution having a concen-
tration of 0.5 g/dl of the polycarbonate with the methy-
lene chloride as the solvent at 20° C. The Mw of the
polymer was measured by the GPC, with the resultant
finding of 26000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the IH-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-

35

20

polymer having the following repeating unit and com- 55
position:
000~} =
CH3 CH3
65
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SYNTHESIS EXAMPLE 37

A polycarbonate polymer was obtained by repeating
the procedure of Synthesis Example 24, except that 103
g (0.125 mole) of a dihydroxy compound having a dia-
rylvinylene arylene skeleton represented by:

o—~O)—s=ciAOp~O)—cume—O~o
© ©

and 31.7 g (0.125 mole) of a 3, 3-bisthydroxyphenyl)
pentane in place of 1, 1-bis(4-hydroxyphenyl) cyclohex-
ane were used.

The so obtained polymer was Found to have a 1,,/c
of 0.45 dl/g as determined in a solution having a con-

- centration of 0.5 g/dl of the polycarbonate with the

methylene chloride as the solvent at 20° C. The Mw of
the polymer was measured by the GPC, with the resul-
tant finding of 17000.

The structure and composition of the polymer were
determined with the results of the analysis of the spec-
trum each of the IH-NMR, IR and MS with the resul-
tant finding that this polymer was a polycarbonate co-
polymer having the following repeating unit and com-
position:

0—@— C=CH CH=C—©-— Oﬁ
© o

C2H5
CzH 5

EXAMPLE 26

A transparent supporting substrate was provided in
the form of a 25 mm X 75 mm X 1.1 mm glass substrate
over which a film having a thickness of 100 nm was
formed from an ITO according to the vapor deposition
method (supplied by HOYA Co., Ltd.). Previously this
substrate was washed with an ultrasonic wave in an
isopropyl alcohol, dried by blowing nitrogen gas and
further washed in a UV ozone (UV300 supplied by
Samco International) for 8 minutes.

An emitting layer was laid over this transparent sup-
porting substrate by coating a 0.9 wt. % solution ob-
tained by dissolving 200 mg of the polycarbonate of
Synthesis Example 25 in 20 g of a dichloromethane
according to the spin coating method. This spin coating
was carried out in 7000 rpm for 50 seconds, resulting in
a film at a thickness of 600=150A*! (surface profile
detector: DEKTAK 3030 supplied by Sloan Co.).
Then, the transparent supporting substrate was set to
the substrate holder of a commercially available vac-
uum deposition system (supplied by Nihon Vacuum
Technique Co., Ltd.) having 3 resistance heating boats.
Placed in one boat was PBD (200 mg) as the electron
injecting material. A magnesium (2 g) was placed in

0.5

0.5

-another boat and a silver (200 mg) in still another boat
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and then the vacuum chamber was depressurized to
2 10—3 Pa. Thereafter, the boat containing PBD was
heated to deposit the PBD at a deposition rate of 0.3 to
0.5 nm/sec. and provide an electron injecting layer
comprising a film at a thickness of 20 nm on the trans-
parent supporting substrate. In this process, the sub-

strate was maintained at room temperature.
*1: The film was examined by an optical microscope 5 months later,

with the resultant finding that no recognizable crystals were present and
the film remained as it should be.

Thereafter, the boat containing the magnesium and
the boat containing the silver were electrified simulta-
neously to deposit both materials while keeping the
ratio of one rate of deposition to another rate of deposi-
tion (magnesium:silver) at 1:7 to 1:10. Thus, obtained
was an opposed electrode comprising the magnesium
and stlver which were deposited at a thickness of 120

nm (detected by a quartz oscillating sensor). In this
way, the desired organic EL device was completed.
Then, the so obtained organic EL device was applied
- with a DC voltage of 6V, resulting in the passage of an
electric current of approximately 75 mA/cm? to emit
EL i1n Blue Green as determined by the chromaticity
coordinates. The peak wavelength as determined by the
spectrometry was 485 nm and the brightness was 350

cd/m2.

REFERENCE EXAMPLE 5

A sulfonate represented by the following structural
formula:
Structural Formula

I
(C2Hs0)2.PH,C

i
CH,P(OCHs)2

was dissolved in 20 ml of a dimethyl sulfoxide (DMSO)

in an atmosphere of argon gas and 1.0 g of a potassium-
t-butoxide (t-BuOK) was added thereto. Then, a com-
pound represented by the following structural formula:-

Structural Formula

O

was added and the resultant mixture was stirred for 5
hours. 100 ml of a methanol was added to the reaction
product and then a yellowish power was precipitated.
A benzene solution containing an iodine was added to
recrystallize this powder and 0.8 g of a yellowish pow-
der was obtained. The structure and composition of the
so obtained powder was analyzed by the IH-NMR,
with the resultant finding that it was a dihydroxy com-
pound represented by: |

CH30—©— C=CH—©70H=C—©¥ OCHj3
o ©

A 0.9 wt. % solution obtained by dissolving 200 mg
of this compound in 20 g of a dichloromethane was
coated on a transparent supporting substrate according
to the spin coating method and by repeating the proce-
dure of Example 26. In this process, the spin coating
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was carried out in 7000 rPm for 50 seconds, resulting in
a film having a thickness of 600+500A as determined
by said DEKTAK 3030 which means a quite uneven
thin film.

Ordinarily, a film cannot be formed from a single
member of an organic low molecular weight substance
having marked unevenness according to the spin coat-
ing method and the substance can by no means be used
erther as a luminescent layer or as a hole injecting layer.

COMPARATIVE EXAMPLE 5

A compound having a diarylvinylene arylene skele-
ton represent by:

o ©

was synthesized by repeating the procedure of Refer-
ence Example 5.

Furthermore, an organic EL device was prepared by
repeating the procedure of Example 26, except that the
above compound was used as the emitting layer (in a

film at a thickness of 50 nm).
The organic EL device had an ITO electrode as the

anode and a mixed metal electrode of magnesium and
silver as the cathode and was applied with a DC voltage
of 10V and it was found that the device was short-cir-
cuited, incapable of emitting EL. This is explained by
the fact that the thin film could not be formed from the
low molecular weight compound to cause the shortcir- -
cuit in the device.

EXAMPLE 27

A polycarbonate was obtained by repeating the pro-
cedure of Example 26. Then, a hole injecting layer was
provided by coating a 0.9 wt. % solution obtained by
dissolving 200 mg of the above polycarbonate in 20 g of
a dichloromethane according to the spin coating
method. This spin coating was carried out in 7000 rpm
for 50 seconds, resulting in a film at a thickness of
600-=150A (surface profile detector: DEKTAK 3030).
Thereafter, the transparent supporting substrate was set
to the substrate holder of a commercially available vac-
uum deposition system (supplied by Nihon Vacuum
Technique Co., Ltd.) having 3 resistance heating boats.
Placed in one boat was an aluminum complex (Alqg, 200
mg) wherein a 8-hydroxyquinoline was coordinated at
(III) as the luminescence material. A magnesium (2 g)
was placed in another boat and a silver (200 mg) in still
another boat and then the vacuum chamber was depres-
surized to 10—3 Pa. Thereafter, the boat containing Alq
was heated to 250° to 270° C. to deposit the Alq at a
deposition rate of 0.1 to 0.3 nm/sec. and provide an
electron transferring emitting layer comprising a 50 nm
thick film on the transparent supporting substrate. In
this process, the substrate was maintained at room tem-
perature.

Next, the boat containing the magnesium and the boat
containing the silver were electrified simultaneously to
deposit both the materials while keeping the ratio of one
rate of deposition to another rate of deposition (mag-
nesium:silver) at 1:7 to 1:10. Thus, obtained was an
opposed electrode, comprising the magnesium and sil-
ver which were deposited at a thickness of 120 nm
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(detected by a quartz oscillating sensor). In this way,
the desired organic EL device was completed.

‘The so obtained organic EL device had an ITO elec-
trode as the anode and a mixed metal electrode of mag-
nesium and silver as the cathode and was applied with a
DC voltage of 12V, resulting in the passage of an elec-
tric current of approximately 76 mA/cm? to emit EL in
green as determined by the chromaticity coordinates.
The peak wavelength as determined by the spectrome-
try was 513 nm and the brightness was 1000 cd/m2.

COMPARATIVE EXAMPLE 6

An organic EL device was prepared by repeating the
procedure of Example 2, except that the hole injecting
layer comprising the polycarbonate layer was not incor-
porated into the device.

‘The organic EL device had an ITO electrode as the
anode and a mixed metal electrode of magnesium and
silver as the cathode and was applied with a DC voltage

of 17V, resulting in the passage of an electric current of

approximately 20 mA/cm?to emit EL in green as deter-
mined by the chromaticity coordinates. The peak wave-
length as determined by the spectrometry was 513 nm
and the brightness was 20 cd/m?. In this device, the
required voltage was at a markedly high level but
brightness was very low, emphasizing that the polycar-
bonate layer served as a hole injecting layer to a full
extent in Example 2.

EXAMPLES 28 TO 36

~ Organic EL devices were prepared by using the poly-
carbonates listed in Table 3 and repeating the procedure
of Example 26 and the results obtained with them are
given in Table 3. Those EL devices were found to
achieve sufficiently high brightness and further be ex-
cellent in efficiency of emitting EL in the colors range
wheren it 1s difficult for conventional polymer emitting
layers to work.

TABLE 3
Example Voltage  Electric Current

No. Polycarbonates V) (mA/cm?)
26 Synthesis Example. 25 9 14

27 Synthesis Example. 27 10 30

28 Synthesis Example. 28 7 25

29 Synthesis Example. 29 8 70

30 Synthesis Example. 30 12 20

31 Synthesis Example. 31 10 140

32 Synthesis Example. 24 8 30

33 Synthesis Example. 32 7 50

34 Synthesis Example. 33 11 65

35 Synthesis Example. 34 10 30

36 Synthesis Exampie. 35 8 70

37 Synthesis Example. 36 13 30

38 Synthesis Example. 37 9 40

Example Colors of Brightness Luminescence

No. Luminescence (cd/m®  Efficiency (I m/W)
26 . Purplish blue 200 0.5

27 Blue 700 0.7

28 Bluve 600 1.0

29 Blue 200 0.1

30 Yellowish green 200 0.5

31 Purplish blue 50 0.06

32 Blue 400 0.5

33 Bluish green 600 0.5

34 Green 400 0.2

35 Bluish green 560 0.6

36 Green 700 0.4

37 Purple 150 0.1

38 Blue 500 04

S
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INDUSTRIAL APPLICABILITY

As described above, the organic EL device of the
present invention is made of either or both of the emit-
ting layer and the hole injecting layer comprising a thin
film which 1s easy to be formed by the spin coating
process. These emitting or hole injecting layers have an
excellent ability to retain thin films. Furthermore, the
organic EL device of the present invention, if using a
polycarbonate of the present invention as an emitting
layer, is capable of emitting EL in a color range from
blue to green. Furthermore, the organic EL device of
the present invention is sufficiently high in brightness,
has high luminescence efficiency on an application of a
low applied voltage and further has a long span of life
time.

Thus, it is expected that the organic EL device of the
present imnvention will find a wide and effective applica-
tion in various segments of industry as an highly useful
industrial tool. |

We claim: +

1. An organic electroluminescence device which
comprises a polycarbonate containing a repeating unit
of a styrylamine skeleton having an electroluminesence
function as at least one material selected from the group
consisting of an emitting material and a hole injecting
material.

2. The organic electroluminescence device according
to claim 1, wherein the styrylamine skeleton is a mono-
valent or divalent group formed by removing hydrogen
atoms from a molecule wherein one aromatic tertiary
amine is substituted by at least one arylvinylene or aryl-
vinylene arylenevinylene group having 8 to 22 carbon
atoms.

3. The organic electroluminescence device according
to claim 1 wherein the styrylamine skeleton is a divalent
group formed by removing hydrogen atoms from a
molecule comprising 2 or 3 aromatic tertiary amines
and a vinylene group or a vinylenearylene vinylene
group having 10 to 22 carbon atoms which combines
sald aromatic tertiary amines.

4. The organic electroluminescence device according
to claim 2 or 3, wherein a polycarbonate has a repeating
unit comprising a styrylamine skeleton represented by

the formula (I):

—Arl=N—Ar—C=C—ArtN—Ar)> M

AS RIE A

wherein Arlto Ar%are each independently a substituted
or unsubstituted arylene group having 6 to 20 carbon
atoms; Ar° and Ar®are each independently a substituted
or uasubstituted aryl group having 6 to 20 carbon
atoms; R1 and R? are each independently a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 20
carbon atoms wherein the substituent group is an alkyl
group or an alkoxy group each having 1 to 10 carbon
atoms; and P is an integer of O or 1.

3. The organic electroluminescence device according
to claim 2 or 3, wherein the polycarbonate has a repeat-
ing unit (o) represented by the general formula (II):

€0—Arl—N—AR—C=C—Ar¢N—Arty-0—Cy @

| . | I
O

Ar’ R! R2 At
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wherein Ar! to Ar*are each independently a substituted
or unsubstituted arylene group having 6 to 20 carbon
atoms; Ar> and Ar®are each independently a substituted
or unsubstituted aryl group having 6 to 20 carbon
atoms, R! and R2 are each independently a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, an
unsubstituted aryl group having 6 to 20 carbon atoms or

-5

90

group having 6 to 20 carbon atoms wherein the substitu-
ent group is an alkyl group or an alkoxy group each
having 1 to 10 carbon atoms; and the dotted lines mean
an acceptable single-bond linkage.

1. The organic electroluminescence device according
to claim 2 or 3, wherein the polycarbonate has a repeat-

ing unit (y) represented by the general formula (V):

V)

tO—Ar-N—Ar—C=CH~Ar"—CH=C—Ar¥N—Ar*)>0—C

an aryl group having 6 to 20 carbon atoms substituted
by an alkyl group having 1 to 10 carbon atoms or an
alkoxy group having 1 to 10 carbon atoms; and P is an
integer of O or 1, and

a repeating unit (8) represented by the formula

R3 RY O

wherein R3 and R4 are each independently a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms; Y is
represented by

(1ID) 20

R O

I {
—C~, —0O—, —8§—, —8§—,

I I}

RS O

@’ * or ¢CHz);

wherein x is an integer of 2 to 10; R5 and RS are each
independently a hydrogen atom or an alkyl group hav-
ing 1 to 6 carbon atoms or an aryl group having 6 to 10
carbon atoms.

6. The organic electroluminescence device according

to claim 2 or 3 wherein the polycarbonate has a repeat-
ing unit represented by the formula (IV):

Iv)

-Arl—rlq-—-AIZ—(I:_=CH-—Ar7—CH=(I:—-Ar-"-(-bll-Ar*-);

Ar R1 R2 Arb

wherein R! and R? are each independently a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, an

unsubstituted aryl group having 1 to 6 carbon atoms or 60

an aryl group having 1 to 6 carbon atoms substituted by
an alkyl group having 1 to 10 carbon atoms or an alkoxy
group having 1 to 10 carbon atoms, P is an integer of O
or 1 and Ar!to Ar4are each independently a substituted
or unsubstituted arylene group having 6 to 20 carbon
atoms; Ar> and Ar®are each independently a substituted
or unsubstituted aryl group having 6 to 20 carbon
atoms; Ar’ is a substituted or unsubstituted arylene
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Ars R1 R2Z Ar® O

wherein Arlto Ar*are each independently a substituted
or unsubstituted arylene group having 6 to 20 carbon
atoms; Ar> and Ar®are each independently a substituted
or unsubstituted aryl group having 6 to 20 carbon
atoms; Ar’ is a substituted or unsubstituted arylene
group having 6 to 20 carbon atoms wherein the substitu-
tent group 1s an alkyl group having 1 to 10 carbon atoms
or an alkoxy group having 1 to 10 carbon atoms; R! and
R? are each independently a hydrogen atom, an alkyl
group having 1 to 6 carbon atoms, a substituted or un-
substituted aryl group having 6 to 20 carbon atoms
wherein the substituent group is an alkyl group having
1 to 10 carbon atoms or an alkoxy group having 1 to 10
carbon atoms, and P is an integer of 0 or 1; and the
dotted lines mean an acceptable single-bond linkage,
and

a repeating unit (3) represented by the formula (1I1)

R3 R4 O

wherein R3 and R4 are each independently a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms; Y is

R? ')
I |
—C_’ --0—-, —S—’ _S_,
| | ’
R6 s,

, or <CH2)%,

wherein x is an integer of 2 to 10; R5 and R® are each
independently a hydrogen atom or an alkyl group hav-
ing 1 to 6 carbon atoms or an aryl group having 6 to 10
carbon atoms.

8. The organic electroluminescence device according
to claim 1, wherein the polycarbonate has a repeating
unit A comprising a diarylvinylene arylene skeleton
represented by the general formula (IX):
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+0—Ar’—C=CH—ArS—CH=C—Arl0~0—Ccy @&

| | ]
R’ RS O

wherein Ar® to Arl0 are each independently a substi-
tuted or unsubstituted arylene group having 6 to 10
carbon atoms represented by:

RY R10

wherein R? and R10 are each independently any of a
hydrogen atom, a halogen atom, an alkyl group having
1 to 6 carbon atoms or an aryl group having 6 to 12
carbon atoms; and Y is represented by:

Ril

Q

wherein R!1and R12are each independently a hydrogen
atom, a trifluoromethyl group, an alkyl group having 1
to 6 carbon atoms or an aryl group having 6 to 12 car-
bon atoms; and s is an integer of 2 to 10,

N\ /7
C
7\

(CH2);

wherein r is an integer of 4 to 10, or

CCH2);

wherein s is as defined above; R7 and R3 are each inde-
pendently an alkyl group having 1 to 6 carbon atoms or
a substituted or unsubstituted aryl group having 6 to 20
carbon atoms.

9. The organic electroluminescence device according
to claim 8, wherein the polycarbonate has a reduced
viscosity of 0.2 dl/g or more as determined in a solution
having a concentration of 0.5 g/dl of the polycarbonate
with a methylene chloride as the solvent at 20° C.

10. The organic electroluminescence device accord-
ing to claim 9, wherein the polycarbonate has the re-
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peating unit A represented by the formula (IX) and a
repeating unit B represented by the formula (X):

(X)

O I X O—ﬁ’.

O
('RIB)P (RM)q

wherein R13 and R14 ape each independently a hydro-
gen atom, a halogen atom, an alkyl group having 1 to 6
carbon atoms or an aryl group having 6 to 12 carbon
atoms; p and q are each independently an integer of 1 to
4; and X is represented by:

wherein R1>and R!6are each independently a hydrogen
atom, a trifluoromethyl group, an alkyl group having 1
to 6 carbon atoms or an aryl group having 6 to 12 car-
bon atoms; and s is as defined above,

N\ /
C
N

(CHy),

wherein t is an integer of 4 to 10, or

<CH)y

wherein u is an inter of 2 to 10.

11. The organic electroluminescence device accord-
ing to claim 4 or 6, wherein the polycarbonate has a
reduced viscosity of 0.2 dl/g or more as determined in
a solution having a concentration of 0.5 g/dl of the
polycarbonate with a methylene chloride as the solvent
at 20° C.

12. 'The organic electroluminescence device wherein
the polycarbonate as set forth in claim 1 is interposed
between a pair of electrodes.

13. The organic electroluminescence device accord-
ing to claim 1, comprising an anode, a hole injecting
layer, an emitting layer, an electron injecting layer and
a cathode which are laminated in this order.

14. The organic electroluminescence device accord-
ing to claim 1, comprising an anode, an emitting layer,
an electron injecting layer and a cathode which are
laminated in this order.
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15. The organic electroluminescence device compris-
ing a hole injecting layer made of the polycarbonate as
set forth in claim 1.

16. The organic electroluminescence device compris-
ing a hole injecting layer made of the polycarbonate as
set forth in claim 8.

17. The organic electroluminescence device compris-
ing an emitting layer made of the polycarbonate as set
forth in claim 1.

18. The organic electroluminescence device compris-
ing an emitting layer made of the polycarbonate as set
forth in claim 8.

19. The organic electroluminescence device accord-
ing to claim 6, wherein the polycarbonate has a reduced
viscosity of 0.2 dl/g or more as determined in a solution
having a concentration of 0.5 g/dl of the polycarbonate
with a methylene chloride as the solvent at 20° C.

20. An organic electroluminescence device which
comprises a polycarbonate containing a repeating unit

— —= —hK

10

13

CH3

94

of a d1ary1v1nylene arylene skeleton having an electro-
luminescence function as at least one material selected
from the group consisting of an emitting material and a
hole injecting material.

21. The organic electroluminescence device wherein

“the polycarbonate as set forth in claim 20 is interposed

between a pair of electrodes.

22. The organic electroluminescence device accord-
ing to claim 19, comprising in the following sequence:
an anode, a hole injecting layer, an emitting layer, an
electron injecting layer and a cathode, which are lami-
nated in said sequence.

23. The organic electroluminescence device accord-
ing to claim 19, comprising in the following sequence:
an anode, an emitting layer, an electron injecting layer
and a cathode, which are laminated in said sequence.

24. The organic electroluminescence device accord-
ing to claim 1, wherein the polycarbonate contains a
repeating unit selected from the group consisting of

CH3

-
e &
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-continued
OCH3 OCHj3
O
©s O-crmcn{D~G-crmr—O

25. The organic electroluminescence device accord- g
ing to claim 20, wherein the polycarbonate contains a
repeating unit selected from the group consisting of

CN CN

O
e

OC
I
O

0—C
I
O

98
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CERTIFICATE OF CORRECTION
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 92, line 52, claim 11, delete 'V"or é".

Column 94, line 9, claim 22, delete "claim 19" and
insert --claim 20--.

Column 94, line 14, claim 23, delete "claim 19" and
insert --claim 20--.

Signed and Sealed this
Eighth Day of October, 1996
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